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S T A T E M E N T  
A l l  r e s u l t s  a n d  i n t e r p r e t a t i o n  r e p o r t e d  i n  t h i s  t h e s i s  a r e  t h e  o r i g i n a l  w o r k  o f  t h e  
a u t h o r  e x c e p t  w h e r e  o t h e r w i s e  a c k n o w l e d g e d .  T h i s  w o r k  h a s  n o t  b e e n  s u b m i t t e d  
p r e v i o u s l y  t o  t h i s  o r  a n y  o t h e r  U n i v e r s i t y .  
G U O  P I N G  B A I  
A C K N O W L E D G E M E N T  
T h i s  p r o j e c t  w a s  s u p e r v i s e d  b y  D r  J o c k  K e e n e .  I  w o u l d  l i k e  t o  e x p r e s s  m y  d e e p  
g r a t i t u d e  f o r  h i s  h e l p  a n d  e n c o u r a g e m e n t  t h r o u g h o u t  m y  c a n d i d a t u r e  a n d  f o r  t h e  
m a n y  h o u r s  h e  d e v o t e d  t o  d i s c u s s i o n  a n d  r e v i e w  o f  m y  w o r k .  
I  w o u l d  l i k e  t o  e s p e c i a l l y  t h a n k  D r  J o e  H a m i l t o n  f o r  h i s  s u p e r v i s i o n  s i n c e  J u l y ,  1 9 8 9  
a n d  t h e  t i m e  h e  d e v o t e d  t o  d i s c u s s i o n  a n d  r e v i e w  o f  m y  w o r k .  
I  w o u l d  l i k e  t o  t h a n k  D r  P e t e r  E a d i n g t o n  f o r  h i s  g u i d a n c e  w i t h  t h e  f l u i d  i n c l u s i o n  
i n v e s t i g a t i o n .  I  a l s o  t h a n k  M r  G a b o r  F o l d v a r y  f o r  h i s  a s s i s t a n c e  w i t h  t h e  
d e v e l o p m e n t  o f  p h o t o g r a p h s ,  M r  T o n y  R o m e o  f o r  h i s  a s s i s t a n c e  w i t h  t h e  S E M  I  
E D X ,  M r  H u g h  S i m m o n s  f o r  h i s  a s s i s t a n c e  w i t h  t h e  m i c r o p r o b e ,  M r  A n d r e w  8 r y c e  
f o r  h i s  a s s i s t a n c e  w i t h  t h e  m a s s  s p e c t r o m e t e r ,  D r  l a n  T h r e a d g o l d  f o r  h i s  a s s i s t a n c e  
a n d  g u i d a n c e  w i t h  t h e  X - r a y  d i f f r a c t o m e t e r .  
I  a m  g r a t e f u l  t o  t h e  s t a f f  a t  t h e  L o n d o n d a r y  C o r e  L i b r a r y  o f  t h e  N e w  S o u t h  W a l e s  
D e p a r t m e n t  o f  M i n e r a l  R e s o u r c e s  f o r  t h e i r  a s s i s t a n c e  w i t h  t h e  g e o l o g i c a l  l o g g i n g  
a n d  s a m p l i n g  o f  b o r e  c o r e s .  
I  a m  g r a t e f u l  t o  A s s o c i a t e  P r o f e s s o r  D o n  E m e r s o n  f o r  a l l o w i n g  m e  t o  u s e  t h e  
f a c i l i t i e s  o f  t h e  D e p a r t m e n t  o f  G e o l o g y  a n d  G e o p h y s i C S .  
I  w o u l d  l i k e  t o  t h a n k  C h i n e s e  M i n i s t r y  o f  E d u c a t i o n  f o r  m y  l i v i n g  a l l o w a n c e  f o r  f o u r  
y e a r s .  I  a l s o  t h a n k  A G L  f o r  i t s  r e s e a r c h  g r a n t  w h i c h  m a d e  i t  p o s s i b l e  f o r  m e  t o  
u n d e r t a k e  t h e  i s o t o p e  a n d  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n .  
F i n a l l y ,  I  w o u l d  l i k e  t o  t h a n k  m y  w i f e ,  Y u  P i n g ,  f o r  h e r  s u p p o r t  a n d  e n c o u r a g e m e n t  
t h r o u g h o u t  m y  c a n d i d a t u r e  a n d  f o r  d r a f t i n g  s o m e  o f  t h e  d i a g r a m s  a n d  c o m p i l i n g  
t h e  t h e s i s .  
A B S T R A C T  
T h e  r e s e r v o i r  p o t e n t i a l  o f  s a n d s t o n e s  i n  t h e  N a r r a b e e n  G r o u p  ( e x c l u d i n g  G a r i e  
a n d  N e w p o r t  F o r m a t i o n s ) ,  w h i c h  r a n g e s  i n  a g e  f r o m  L a t e  P e r m i a n  t o  E a r l y  T r i a s s i c ,  
i n  t h e  S y d n e y  B a s i n  v a r i e s  c o n s i d e r a b l y ,  d e p e n d i n g  o n  a  c o m b i n a t i o n  o f  
d e p o s i t i o n a l  a n d  d i a g e n e t i c  f a c t o r s .  T h e  d e t e r m i n a t i o n  o f  t h e  f a c t o r s  a f f e c t i n g  
r e s e r v o i r  q u a l i t y  i s  i m p o r t a n t  i n  p r e d i c t i n g  t h e  d i s t r i b u t i o n  o f  h i g h  q u a l i t y  r e s e r v o i r s .  
T h e  a i m s  o f  t h i s  s t u d y  a r e  t o  c a r r y  o u t  f a c i e s  a n a l y s e s ;  t o  d o c u m e n t  p e t r o l o g i c a l  
c h a r a c t e r i s t i c s  o f  t h e  s a n d s t o n e s  a n d  d e d u c e  t h e  s a n d s t o n e  p r o v e n a n c e ;  t o  
i d e n t i f y  a u t h i g e n i c  m i n e r a l s  a n d  e s t a b l i s h  t h e i r  p a r a g e n e t i c  s e q u e n c e ;  t o  a n a l y s e  
s t a b l e  i s o t o p e s  o f  d i a g e n e t i c  m i n e r a l s  a n d  d e t e r m i n e  K - A r  a g e s  o f  a u t h i g e n i c  i I I i t e ;  
t o  m e a s u r e  h o m o g e n i s a t i o n  a n d  i c e  m e l t i n g  p o i n t  t e m p e r a t u r e s  o f  a q u e o u s  f l u i d  
i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s ;  t o  r e c o n s t r u c t  c h e m i c a l  e v o l u t i o n  o f  p o r e  f l u i d s  
w i t h  t i m e  a n d  t e m p e r a t u r e ;  a n d  t o  d i s c u s s  t h e  f a c t o r s  a f f e c t i n g  r e s e r v o i r  q u a l i t y  a n d  
a s s e s s  t h e  d i s t r i b u t i o n  o f  h i g h  q u a l i t y  r e s e r v o i r s .  
A  t o t a l  o f  7 6 4 8 . 5  m e t e r s  o f  c o r e s  f r o m  2 6  b o r e  h o l e s ,  w h i c h  c o v e r  a n  a r e a  o f  a b o u t  
8 0  k m  x  2 4 0  k m ,  w e r e  g e o l o g i c a l l y  l o g g e d .  O f  t h e  b o r e h o l e s  p e n e t r a t i n g  t h e  w h o l e  
N a r r a b e e n  G r o u p ,  a  m a x i m u m  t h i c k n e s s  o f  7 1 6  m  o f  t h e  g r o u p  ( e x c l u d i n g  G a r i e  
a n d  N e w p o r t  F o r m a t i o n s )  w a s  r e c o r d e d  w i t h  a n  a v e r a g e  t h i c k n e s s  o f  a b o u t  4 3 3  m .  
B a s e d  o n  t h e  l o g g i n g ,  4 1 7  s a n d s t o n e  s a m p l e s  w e r e  c o l l e c t e d  f o r  v a r i o u s  
l a b o r a t o r y  s t u d i e s .  O f  t h e m ,  3 2 4  w e r e  s e l e c t e d  f o r  q u a n t i t a t i v e  e v a l u a t i o n  o f  
c o m p o s i t i o n  a n d  v i s i b l e  p o r o s i t y  u n d e r  a  p e t r o l o g i c a l  m i c r o s c o p e ,  1 6 7  f o r  
S E M / E D X  e x a m i n a t i o n s ,  6 3  f o r  X R D  s t u d i e s ,  2 0  f o r  m i c r o p r o b e  a n a l y s e s ,  9  f o r  
i s o t o p e  m e a s u r e m e n t s ,  4  f o r  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n s ,  a n d  1 7 5  f o r  p o r o s i t y  a n d  
p e r m e a b i l i t y  m e a s u r e m e n t s .  
U s i n g  g a m m a  r a y  a n d  n e u t r o n  l o g s ,  t h e  N a r r a b e e n  G r o u p  ( e x c l u d i n g  G a r i e  a n d  
N e w p o r t  F o r m a t i o n s )  i s  s u b d i v i d e d  i n t o  f i v e  o p e r a t i o n a l  u n i t s .  F r o m  b o t t o m  t o  t o p ,  
t h e y  a r e  W o m b a r r a  ( W O ) ,  S c a r b o r o u g h  ( S C ) ,  L o w e r  B u l g o  ( L B ) ,  U p p e r  B u l g o  ( U B ) ,  
a n d  B a l d  H i l l  ( B H )  O p e r a t i o n a l  U n i t s  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) .  T h e y  a r e  
r e g a r d e d  a s  t i m e  s t r a t i g r a p h i c  u n i t s .  T h e  t h i c k n e s s  o f  t h e s e  u n i t s  r a n g e  f r o m  1 1  t o  
1 9 3  m  f o r  t h e  W O  u n i t ,  f r o m  2 0  t o  1 8 1  m  f o r  t h e  S C  u n i t ,  f r o m  1 0  t o  1 4 9  m  f o r  t h e  L B  
u n i t ,  f r o m  1 6  t o  1 8 5  m  f o r  t h e  U B  u n i t  a n d  f r o m  1 2  t o  7 6  m  f o r  t h e  B H  u n i t .  T h e  g r o u p  
w a s  d e p o s i t e d  i n  f l u v i a l  /  l a c u s t r i n e  d e p o s i t i o n a l  s y s t e m s .  C h a n n e l  f i l l ,  i n t e r -
c h a n n e l  f l o o d p l a i n  /  l a c u s t r i n e  a n d  c h a n n e l  m a r g i n  a r e  t h e  p r i n c i p a l  f a c i e s  
r e c o g n i s e d  w i t h  t h e  c h a n n e l  m a r g i n  f a c i e s  b e i n g  o f  m i n o r  v o l u m e t r i c  i m p o r t a n c e .  
M e d i u m  t o  v e r y  c o a r s e  s a n d s t o n e s  a n d  c o n g l o m e r a t e s  a r e  t h e  p r i n c i p a l  l i t h o  l o g i c a l  
c o m p o n e n t s  o f  t h e  c h a n n e l  f i l l  f a c i e s  w i t h  s a n d s t o n e  b e i n g  o f  m u c h  m o r e  
q u a n t i t a t i v e  i m p o r t a n c e .  T h e  f l o o d p l a i n  /  l a c u s t r i n e  f a c i e s  c o n s i s t s  l a r g e l y  o f  s h a l e s  
/  m u d s t o n e s  a n d  v e r y  f i n e  s a n d s t o n e s .  T h e  c h a n n e l  m a r g i n  f a c i e s  i s  r e p r e s e n t e d  
l i t h o  l o g i c a l l y  b y  s i l t y  s h a l e ,  v e r y  f i n e  a n d  f i n e  s a n d s t o n e s .  
T h e  s a n d s t o n e s  i n  t h e  N a r r a b e e n  G r o u p  c o n s i s t  l a r g e l y  o f  d e t r i t a l  q u a r t z  g r a i n s  
w i t h  a  r a n g e  o f  5 - 8 0  %  o f  t h e  t o t a l  s a n d s t o n e  a n d  I i t h i c s  ( i n c l u d i n g  c h e r t )  w i t h  a  
r a n g e  o f  0 - 7 5  % ,  w h i c h  v a r y  i n v e r s e l y  w i t h  e a c h  o t h e r .  D e t r i t a l  f e l d s p a r  i s  a  m i n o r  
c o m p o n e n t  ( 0 - 1 5  % ) .  D e t r i t a l  c l a s t s  a r e  c o n s o l i d a t e d  b y  c l a y s  ( b o t h  d e t r i t a l  a n d  
d i a g e n e t i c )  ( 0 - 3 2  % )  a n d  c a r b o n a t e  c e m e n t s  ( 0 - 4 9  % ) ,  w h i c h  a r e  i n v e r s e l y  r e l a t e d  
t o  e a c h  o t h e r .  Q u a r t z  c e m e n t  i s  l e s s  i m p o r t a n t  a s  i t  a c c o u n t s  f o r  l e s s  t h a n  2  %  o f  t h e  
t o t a l  s a n d s t o n e  i n  t h e  m a j o r i t y  o f  s a n d s t o n e s  s t u d i e d .  V i s u a l  p r i m a r y  p o r o s i t y  v a r i e s  
f r o m  1  t o  1 7  %  a n d  s e c o n d a r y  p o r o s i t y  f r o m  0  t o  1 1  % .  
T h e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  g e n e r a l l y  i n c r e a s e s  u p w a r d s  f r o m  2 0 - 4 0  %  o f  t h e .  
t o t a l  d e t r i t a l  c l a s t s  a t  t h e  b a s a l  p a r t  o f  t h e  g r o u p  t o  8 0 - 9 5  %  i n  t h e  B H  u n i t  a n d  t h a t  
o f  d e t r i t a l  l i t h i c s  d e c r e a s e s  f r o m  6 0 - 8 5  %  t o  2 0 - 4 0  % ,  p a r t i c u l a r l y  i n  t h e  b o r e h o l e s  
i n  t h e  s o u t h e r n  S y d n e y  B a s i n .  H o w e v e r ,  t h e s e  c h a n g e s  d o  n o t  p r o c e e d  a t  a  
u n i f o r m  r a t e .  D e p e n d i n g  u p o n  t h e  b o r e h o l e  l o c a t i o n ,  o n e  t o  t h r e e  d i s t i n c t i v e  
b o u n d a r i e s ,  a c r o s s  w h i c h  t h e  d e t r i t a l  c o m p o s i t i o n  h a s  a  s u d d e n  a n d  s i g n i f i c a n t  
c h a n g e ,  a n d  /  o r  o n e  a b n o r m a l l y  l i t h i c - r i c h  i n t e r v a l  c a n  b e  r e c o g n i s e d  i n  d i f f e r e n t  
b o r e h o l e s .  T h e  l o w e r m o s t  b o u n d a r y  i s  d e f i n e d  a s  D B 3 ,  t h e  m i d d l e  o n e  a s  D B 2 ,  
a n d  t h e  u p p e r m o s t  o n e  a s  D B 1  w i t h  D B 2  b e i n g  t h e  m o s t  o b v i o u s .  A c r o s s  D B 2  
u p w a r d s ,  a  s u d d e n  2 0 - 3 5  %  i n c r e a s e  o f  d e t r i t a l  q u a r t z  c l a s t s  a n d  a  s u d d e n  2 0 - 3 5  
%  d e c r e a s e  o f  d e t r i t a l  l i t h i c s  o c c u r .  
R e g i o n a l l y ,  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  c l a s t s  i n  t h e  s a n d s t o n e s  o f  a  
g i v e n  s t r a t i g r a p h i c  h o r i z o n  d e c r e a s e s  a n d  t h a t  o f  d e t r i t a l  l i t h i c s  i n c r e a s e s  
e a s t w a r d s  a n d  l e s s  o b v i o u s l y  n o r t h w a r d s .  T h e  v a r i a t i o n s  i n  d e t r i t a l  c o m p o s i t i o n s  o f  
s a n d s t o n e s  w e r e  u s e d  f o r  d e d u c t i o n  o f  d e t r i t a l  s o u r c e s  a n d  s o u r c e  c h a n g e s .  
D u r i n g  d e p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p ,  t h e r e  e x i s t e d  t h r e e  s o u r c e s :  t h e  
L a c h l a n  F o l d  B e l t  s u p p l y i n g  d e t r i t a l  q u a r t z  c l a s t s ,  t h e  N e w  E n g l a n d  F o l d  B e l t  
s u p p l y i n g  d e t r i t a l  l i t h i c s  a s  w e l l  a s  d e t r i t a l  q u a r t z  c l a s t s ,  a n d  a n  e a s t e r n  v o l c a n i c  
s o u r c e  l y i n g  e a s t  o f  p r e s e n t  d a y  c o a s t  l i n e  o f f s h o r e  f r o m  C a p e  B a n k s  1  b o r e h o l e  
( B o r e h o l e  J ) .  T h e  f i r s t  t w o  w e r e  m o r e  i m p o r t a n t  q u a n t i t a t i v e l y  t h a n  t h e  l a t t e r .  T h e  
e x i s t e n c e  o f  t h e  t h i r d  s o u r c e  ( t h e  e a s t e r n  v o l c a n i c  s o u r c e )  w a s  r e c o g n i s e d  b y  t h e  
a b u n d a n c e  o f  v o l c a n i c  l i t h i c s  i n  s a n d s t o n e s  f r o m  t h e  b o r e h o l e s  i n  t h e  s o u t h e r n  
e a s t  c o a s t  z o n e  a n d  p e t r o l o g i c a l  e v i d e n c e .  T h e  l i t h i c s  f r o m  t h i s  s o u r c e  s e e m  t o  b e  
i n t e r m e d i a t e  v o l c a n i c  c l a s t s ,  w h i c h  a r e  d i f f e r e n t  f r o m  t h e  a c i d i c  v o l c a n i c  r o c k  
f r a g m e n t s  f r o m  t h e  N e w  E n g l a n d  F o l d  B e l t .  T h e  e a s t e r n  v o l c a n i c  s o u r c e  s u p p l i e d  
d e t r i t u s  t o  t h e  b a s i n  f r o m  m i d d l e  W O  t i m e  a n d  s e e m e d  t o  b e  v e r y  a c t i v e  o n l y  d u r i n g  
t w o  p e r i o d s :  e a r l y  S C  t i m e  a n d  e a r l y  a n d  m i d d l e  U B  t i m e .  T h e  p r e s e n c e  o f  t h e  
a b n o r m a l l y  l i t h i c - r i c h  i n t e r v a l  c o r r e l a t i n g  w i t h  t h e  l o w e r  p a r t  o f  t h e  S C  u n i t  i s  d i r e c t l y  
r e l a t e d  t o  t h i s  v o l c a n i c  s o u r c e .  
T h e  N e w  E n g l a n d  F o l d  B e l t  w a s  t h e  m a j o r  s o u r c e  d u r i n g  e a r l y  W O  t i m e .  A s  
s e d i m e n t a t i o n  p r o c e e d e d ,  i t s  i n f l u e n c e  g r a d u a l l y  d e c r e a s e d .  T h e  L a c h l a n  F o l d  B e l t  
p l a y e d  a  m o r e  a n d  m o r e  i m p o r t a n t  r o l e  i n  s u p p l y i n g  d e t r i t u s  t o  t h e  b a s i n  a n d  f i n a l l y  
r e p l a c e d  t h e  N e w  E n g l a n d  F o l d  B e l t  a s  t h e  m a j o r  s o u r c e .  H o w e v e r ,  t h i s  
r e p l a c e m e n t  d i d  n o t  t a k e  p l a c e  u n i f o r m l y  t h r o u g h o u t  t h e  w h o l e  b a s i n .  I t  h a p p e n e d  
i n  t h e  e a r l y  p e r i o d  o f  W O  t i m e  i n  t h e  w e s t  m a r g i n ,  i n  t h e  m i d d l e  p e r i o d  o f  W O  t i m e  
i n  t h e  w e s t e r n  p o r t i o n  o f  t h e  s o u t h e r n 1 ' e g i o n ,  a t  t h e  e n d  o f  W O  t i m e  i n  t h e  c e n t r a l  
p a r t  o f  b a s i n ,  a n d  i n  t h e  l a t e  p e r i o d  o f  S C  t i m e  i n  t h e  s o u t h w e s t e r n  p o r t i o n  o f  t h e  
n o r t h e r n  r e g i o n .  I n  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n ,  t h e  s o u r c e  
c h a n g e  d i d  n o t  t a k e  p l a c e  u n t i l  t h e  e n d  o f  U B  t i m e .  
T h e r e  a r e  t h r e e  p r i n c i p a l  t y p e s  o f  d i a g e n e t i c  m i n e r a l s  i n  t h e  N a r r a b e e n  G r o u p  
s a n d s t o n e s :  c a r b o n a t e s ,  c l a y  m i n e r a l s ,  a n d  q u a r t z .  C a r b o n a t e s  c o n s i s t  o f  c a l c i t e ,  
d o l o m i t e ,  a n k e r i t e ,  a n d  s i d e  r i t e  w i t h  s i d e r i t e  b e i n g  t h e  m o s t  c o m m o n .  C l a y  m i n e r a l s  
i n c l u d e  k a o l i n  ( k a o l i n i t e  a n d  d i c k i t e ) ,  i l l i t e ,  m i x e d - l a y e r  i I I i t e  /  s m e c t i t e ,  a n d  c h l o r i t e  
w i t h  k a o l i n  b e i n g  t h e  m o s t  c o m m o n .  M i c r o - q u a r t z ,  m e g a - q u a r t z  a n d  q u a r t z  
o v e r g r o w t h s  c o m p r i s e  q u a r t z  c e m e n t s  w i t h  q u a r t z  o v e r g r o w t h s  b e i n g  t h e  m o s t  
c o m m o n  a n d  a b u n d a n t .  I n  a d d i t i o n ,  a u t h i g e n i c  a l b i t e  w a s  c o m m o n l y  f o u n d  i n  t h e  
s a n d s t o n e s  c o n t a i n i n g  d e t r i t a l  p l a g i o c l a s e .  A  m i n o r  a m o u n t  o f  h a e m a t i t e ,  p y r i t e ,  
a p a t i t e ,  a n a t a s e ,  a n a l c i m e ,  a n d  d a w s o n i t e  w e r e "  a l s o  f o u n d .  
B a s e d  o n  p e t r o l o g i c a l  o b s e r v a t i o n s ,  a  p a r a g e n e t i c  s e q u e n c e  o f  t h e s e  d i a g e n e t i c  
m i n e r a l s  w a s  e s t a b l i s h e d .  D i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  b e g a n  
w i t h  t h e  f o r m a t i o n  o f  r a r e  g r a i n  c o a t i n g  h a e m a t i t e  a n d  e a r l y  c l a y s  i n c l u d i n g  k a o l i n ,  
g r a i n  c o a t i n g  m i x e d - l a y e r  i l l i t e  /  s m e c t i t e  a n d  c h l o r i t e .  F o l l o w i n g  t h e  f o r m a t i o n  o f  
t h e s e  e a r l y  c l a y s ,  m a j o r  c a r b o n a t e  c e m e n t a t i o n  t o o k  p l a c e .  A m o n g  t h e  d i a g e n e t i c  
c a r b o n a t e s ,  c a l c i t e  c o a t i n g  d e t r i t a l  g r a i n s  w a s  t h e  f i r s t  t o  c r y s t a l l i s e  a n d  w a s  
s u c c e e d e d  b y  s i d e r i t e  c o a t i n g  d e t r i t a l  g r a i n s ,  p o r e  f i l l i n g  c a l c i t e ,  p o r e  f i l l i n g  s i d e r i t e ,  
a n d  p o r e  f i l i n g  f e r r o a n  c a l c i t e  a n d  p o r e  f i l l i n g  a n k e r i t e .  A f t e r  t h e  m a j o r  c a r b o n a t e  
c e m e n t a t i o n ,  k a o l i n ,  q u a r t z  o v e r g r o w t h  a n d  f i l a m e n t o u s  p o r e - b r i d g i n g  i l l i t e  
c r y s t a l l i s e d .  T h e  l a s t  c e m e n t s  t o  f o r m  w e r e  m i n o r  a m o u n t s  o f  c a l c i t e  a n d  a n k e r i t e .  
T h e  f o r m a t i o n  o f  e a r l y  a u t h i g e n i c  c l a y  m i n e r a l s  w a s  m a i n l y  c o n t r o l l e d  b y  p h y s i c o -
c h e m i c a l  c o n d i t i o n s  o f  p o r e  w a t e r s .  T h e  e a r l y  m i x e d - l a y e r  i I I i t e  /  s m e c t i t e  c o a t i n g  
d e t r i t a l  g r a i n s  a n d  e a r l y  k a o l i n  ( g e n e r a t i o n  I )  w e r e  p r e c i p i t a t e d  i n  s a n d s  w i t h  
o x y g e n a t e d  a n d  m i l d l y  a c i d i c  p o r e  w a t e r s  w h e r e a s  t h e  c h l o r i t e  c r y s t a l l i s e d  i n  
s a n d s  w i t h  a n o x i c  a n d  n e u t r a l  t o  m i l d l y  a l k a l i n e  p o r e  w a t e r s .  T h e  f o r m a t i o n  o f  
c h l o r i t e s  w a s  a l s o  c o n t r o l l e d  b y  t h e  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s ,  a s  
s u g g e s t e d  b y  t h e  c l o s e  a s s o c i a t i o n  o f  t h e  o c c u r r e n c e  o f  a u t h i g e n i c  c h l o r i t e  w i t h  
a b u n d a n t  v o l c a n i c  r o c k  f r a g m e n t s .  
T h e  t y p e  o f  c a r b o n a t e  f o r m e d  d u r i n g  c a r b o n a t e  c e m e n t a t i o n  w a s  c o n t r o l l e d  b y  t h e  
r e l a t i v e  c o n c e n t r a t i o n  o f  C a
2
+ ,  F e
2
+ ,  M g 2 +  a n d  M n 2 +  a n d  p h y s i c o - c h e m i c a l  
c o n d i t i o n s  i n  p o r e  w a t e r s .  N o n - f e r r o a n  c a l c i t e  c r y s t a l l i s e d  i n  p o r e  w a t e r s  w h e r e  
F e
2
+ w a s  v i r t u a l l y  a b s e n t .  T h e  e x t e n s i v e  p r e s e n c e  o f  F e
2
+  i n  p o r e  w a t e r s  d u r i n g  t h e  
c a r b o n a t e  c e m e n t a t i o n  d e t e r m i n e d  t h e  l i m i t e d  f o r m a t i o n  o f  n o n - f e r r o a n  c a l c i t e .  
N o n - f e r r o a n  c a l c i t e  c o a t i n g  d e t r i t a l  g r a i n s  w a s  f o u n d  i n  o n l y  t w o  s a m p l e s ,  w h i c h  
a r e  f r o m  t h e  w e s t  m a r g i n .  P o r e  f i l l i n g  n o n - f e r r o a n  c a l c i t e  i s  r e s t r i c t e d  t o  s o m e  
v o l c a n i c  l i t h i c - r i c h  s a n d s t o n e s  i n  t h e  e a s t  c o a s t  z o n e  a n d  n o r t h e r n  r e g i o n  o f  t h e  
b a s i n .  I n  t h e  p r e s e n c e  o f  a  h i g h  c o n c e n t r a t i o n  o f  F e
2
+ ,  F e  c a l c i t e ,  o r  d o l o m i t e ,  o r  
a n k e r i t e ,  o r  s i d e r i t e  c o u l d  h a v e  c r y s t a l l i s e d  d e p e n d i n g  u p o n  t h e  c o n c e n t r a t i o n s  o f  
o t h e r  c a t i o n s  a n d  p h y s i c o - c h e m i c a l  c o n d i t i o n s  i n  p o r e  w a t e r s .  
T h e  F e
2
+  u s e d  i n  f o r m i n g  F e  b e a r i n g  c a r b o n a t e s  w a s  d e r i v e d  f r o m  r e d u c t i o n  o f  
F e 2 0 3 '  a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s  a n d  o r g a n i c  m a t t e r  i n  t h a t  o r d e r  o f  
i m p o r t a n c e .  T h e  C a
2
+  u s e d  i n  f o r m i n g  C a  b e a r i n g  c a r b o n a t e s  w a s  l a r g e l y  d e r i v e d  
f r o m  t h e  i n i t i a l  h y d r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s .  T h e  C a
2
+  p r o d u c e d  w a s  
i n c o r p o r a t e d  w i t h  H C 0
3
'  a t  o r  n e a r  w h e r e  i t  w a s  p r o d u c e d  s o  t h a t  p o r e  f i l l i n g  c a l c i t e  
a n d  a n k e r i t e  a r e  r e s t r i c t e d  t o  t h e  l o w e r  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  w h i c h  a r e  
g e n e r a l l y  r i c h  i n  d e t r i t a l  v o l c a n i c  l i t h i c s .  
K a o l i n s  w e r e  f o r m e d  b y  d i r e c t  p r e c i p i t a t i o n  f r o m  m i g r a t i n g  p o r e  w a t e r s  a n d  
a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s ,  f e l d s p a r  a n d  m i c a .  T h e y  a r e  m o r e  c o m m o n  
a n d  a b u n d a n t  i n  t h e  s a n d s t o n e s  r i c h  i n  q u a r t z .  
Q u a r t z  o v e r g r o w t h s  d e v e l o p e d  i n  t w o  w a y s  a n d  I  o r  a  c o m b i n a t i o n  o f  t h e m :  o v e r l a p  
a n d  I  o r  e m e r g e n c e  o f  t h e  i n i t i a l  m i c r o - q u a r t z  c r y s t a l s  a n d  e n v e l o p m e n t  o f  e a r l i e r  
m u l t i p l e  o v e r g r o w t h s  b y  a n  o u t e r  s h e l l .  T h e y  a r e  m o r e  c o m m o n  a n d  a b u n d a n t  i n  
q u a r t z - r i c h  s a n d s t o n e s  t h a n  i n  l i t h i c - r i c h  s a n d s t o n e s .  T h e  s i l i c a  u s e d  f o r  t h e  
o v e r g r o w t h s  w a s  l a r g e l y  d e r i v e d  f r o m  p r e s s u r e  s o l u t i o n .  
P r e C i p i t a t i o n  o f  p o s t  q u a r t z  o v e r g r o w t h  i l l i t e  w a s  r e l a t e d  t o  t h e  b u i l d  u p  o f  K +  i n  p o r e  
w a t e r s  f o l l o w i n g  q u a r t z  o v e r g r < > w t h s .  C e s s a t i o n  o f  i l l i t i s a t i o n  o f  s m e c t i t e  w a s  
p r o b a b l y  t h e  p r i n c i p a l  c o n t r i b u t i n g  f a c t o r  f o r  t h e  b u i l d  u p  o f  K + .  
T h e  d a t a  f r o m  s t a b l e  i s o t o p e  a n a l y s e s  s u g g e s t  t h a t  t h e  d i a g e n e s i s  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  p r o c e e d e 9  i n  t w o  d i f f e r e n t  f l u i d  f l o w  r e g i m e s :  e a r l y  
d y n a m i c  f l u i d  f l o w  r e g i m e  a n d  l a t e  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e .  T h e  f o r m e r  w a s  
c h a r a c t e r i s e d  b y  a  s l i g h t  i n c r e a s e  o f  t h e  / )
1 8
0  o f  p o r e  w a t e r s  f r o m  t h e  e s t i m a t e d  
i n i t i a l  v a l u e  o f  - 1 5  % 0  t o  - 1 2  % 0  w i t h  t h e  t e m p e r a t u r e  i n c r e a s i n g  f r o m  - 1 0  D C  t o  8 0 -
8 5  D C .  D u r i n g  e a r l y  d i a g e n e s i s ,  e a r l y  c l a y s  a n d  p o r e  f i l l i n g  c a r b o n a t e s  w e r e  
p r e c i p i t a t e d  f r o m  t h e  p o r e  w a t e r s .  T h e  l a t e  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e  w a s  
c h a r a c t e r i s e d  b y  a  r a p i d  1 8 0 - e n r i c h m e n t  p r o c e s s .  T h e  / )
1 8
0  o f  p o r e  w a t e r s  
i n c r e a s e d  f r o m  - 1 2  % 0  t o  - 3  % 0  w i t h  t h e  t e m p e r a t u r e  i n c r e a s i n g  f r o m  8 5  D C  t o  1 1 0 -
1 3 5  D C .  D u r i n g  l a t e  d i a g e n e s i s ,  k a o l i n  ( g e n e r a t i o n  1 1 ) ,  q u a r t z ,  a n d  i l l i t e  c r y s t a l l i s e d .  
M e a n s  o f  m e a s u r e d  h o m o g e n i s a t i o n  t e m p e r a t u r e s  o f  a q u e o u s  f l u i d  i n c l u s i o n s  i n  
q u a r t z  o v e r g r o w t h s  a r e  4 5  t o  6 0  D C  h i g h e r  t h a n  t h e  c u r r e n t  f o r m a t i o n  t e m p e r a t u r e s  
a t  t h e  s a m p l e  d e p t h s  o f  5 0 0 - 6 0 0  m .  T h e  h i g h  f l u i d  i n c l u s i o n  t e m p e r a t u r e ,  t o g e t h e r  
w i t h  v i t r i n i t e  r e f l e c t a n c e  d a t a ,  i m p l y  t h a t  a  s e c t i o n  w i t h  a  t h i c k n e s s  o f  Q a  1 6 0 0  t o  
2 2 0 0  m  w a s  e r o d e d  a w a y  i n  t h e  s o u t h e r n  b a s i n .  T h e  h e a t  f l o w  v a r i e d  w i t h  t i m e .  A  
p e a k  o f  t h e  h e a t  f l o w  o f  2 . 1  H F U  r e l a t i v e l y  t o  t h e  c u r r e n t  v a l u e s  o f  1 . 7 - 1 . 9  H F U  w a s  
r e a c h e d  i n  l a t e  C r e t a c e o u s  t i m e  ( - 9 0  M a  B P ) ,  w h i c h  i s  c o i n c i d e n t  w i t h  t h e  
y o u n g e s t  d a t e d  i I I i t e  a g e  o f  9 0 . 5  M a .  
C h e m i c a l  k i n e t i c  m o d e l l i n g  s u g g e s t s  t h a t  s i g n i f i c a n t  v o l u m e s  o f  o i l  w e r e  g e n e r a t e d  
( - 4 0 0  b b l s / 1 0
4
m
3
)  i n ,  a n d  e x p e l l e d  f r o m ,  t h e  I I l a w a r r a  C o a l  M e a s u r e s .  O i l  m i g r a t e d  
t h r o u g h  t h e  s a n d s t o n e s  o f  t h e  S c a r b o r o u g h  a n d  L o w e r  B u l g o  O p e r a t i o n a l  U n i t s  
d u r i n g  a n d  p r o b a b l y  a f t e r  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h ,  a s  i n d i c a t e d  b y  t h e  
p r e s e n c e  o f  l i q u i d  h y d r o c a r b o n  i n c l u s i o n  i n  q u a r t z  o v e r g r o w t h s  a n d  f r a c t u r e s .  O i l  
m i g r a t i o n  p r o b a b l y  o c c u r r e d  a t  a  t i m e  o f  1 9 0  M a  t o  1 7 0  M a  B P .  T h e r e  m a y  h a v e  
b e e n  o i l  c o l u m n s  a t  t h a t  t i m e .  
P o r o s i t y  a n d  p e r m e a b i l i t y  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  a r e  c o n t r o l l e d  b y  a  
c o m b i n a t i o n  o f  d e p o s i t i o n a l  a n d  d i a g e n e t i c  f a c t o r s .  T h e  f o r m e r  i n c l u d e  d e t r i t a l  
c o m p o s i t i o n  o f  s a n d s t o n e s  a n d  t e x t u r e  o f  s a n d s t o n e s  ( g r a i n  s i z e ,  s o r t i n g ,  a n d  c l a y  
m a t r i x )  a n d  t h e  l a t t e r  m e c h a n i c a l  c o m p a c t i o n ,  c e m e n t a t i o n  b y  d i a g e n e t i c  m i n e r a l s  
a n d  d i s s o l u t i o n .  S a n d s t o n e s  w i t h  a  p o r o s i t y  o f  >  1 5  %  a n d  p e r m e a b i l i t y >  5 0  m d  
h a v e  t h e  f o l l o w i n g  t h r e e  g e n e r a l  f e a t u r e s :  ( 1 )  a  h i g h  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  
c l a s t s ,  ( 2 )  m e d i u m  t o  c o a r s e  g r a i n  s i z e  ( b e t t e r  i f  m o d e r a t e l y  t o  w e l l  s o r t e d ) ,  ( 3 )  
q u a r t z  o v e r g r o w t h s  a n d  s i d e  r i t e  a s  t h e  p r i n c i p a l  c e m e n t s .  Q u a r t z - r i c h  s a n d s t o n e s  
w i t h  g r a i n  c o a t i n g  s i d e  r i t e  I  c a l c i t e  a r e  h i g h  q u a l i t y  r e s e r v o i r s .  T h e  p o t e n t i a l  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  a s  h y d r o c a r b o n  r e s e r v o i r s  c a n  b e  s u m m a r i s e d  a s :  
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T a b l e  5 - 1  S a n d s t o n e  c l a s s i f i c a t i o n .  
1 2 4  
T a b l e  6 - 1  R e s u l t s  o f  X R D  s t u d i e s .  
1 7 2  
T a b l e  6 - 2  
D i s t r i b u t i o n  o f  a b u n d a n t  c a r b o n a t e  i n  s a n d s t o n e s .  2 2 0  
T a b l e  7 - 1  L o c a t i o n s  a n d  d e s c r i p t i o n s  o f  s a m p l e s .  
2 3 3  
T a b l e  7 - 2  T e m p e r a t u r e  d e p e n d e n t  f r a c t i o n a t i o n  e q u a t i o n s .  
2 4 6  
T a b l e  7 - 3  S t a b l e  i s o t o p e  d a t a  f o r  c a r b o n a t e s .  2 4 7  
T a b l e  7 - 4  S t a b l e  i s o t o p e  d a t a  f o r  k a o l i n - r i c h  c l a y s .  2 4 7  
T a b l e  7 - 5  
S t a b l e  i s o t o p e  d a t a  f o r  i I I i t e - r i c h  c l a y s .  2 5 1  
T a b l e  7 - 6  O x y g e n  i s o t o p e  d a t a  f o r  q u a r t z  s e p a r a t e s .  2 5 3  
T a b l e  7 - 7  P o t a s s i u m  - a r g o n  i l l i t e  a g e s .  2 5 1  
T a b l e  7 - 8  P e t r o g r a p h i c  d a t a  o n  l i q u i d  h y d r o c a r b o n  i n c l u s i o n s .  2 5 3  
T a b l e  7 - 9  
H o m o g e n i s a t i o n  t e m p e r a t u r e s  o f  a q u e o u s  f l u i d  i n c l u s i o n s .  2 5 9  
T a b l e  7 - 1 0  
M e l t i n g  p o i n t s  a n d  s a l i n i t i e s  o f  a q u e o u s  f l u i d  i n c l u s i o n s .  2 6 1  
T a b l e  7 - 1 1  L i t h o l o g y ,  f o r m a t i o n  t o p s ,  a n d  a g e  o f  f o r m a t i o n s .  2 6 5  
T a b l e  7 - 1 2  T h e r m a l  c o n d u c t i v i t i e s  o f  s h a l e s ,  s a n d s t o n e s  &  c o a l  m e a s u r e s .  2 6 8  
T a b l e  8 - 1  G r a d e s  o f  r e s e r v o i r  r o c k s .  
2 9 8  
T a b l e  8 - 2  R e s u l t s  o f  p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s .  
3 0 1  
1  
C H A P T E R  O N E  
S Y D N E Y  B A S I N :  S T R A T I G R A P H Y  A N D  D E P O S I T I O N A L  E N V I R O N M E N T  
1 . 1  I N T R O P U C T I O N  
1 . 1 . 1  G E N E R A L  S T A T E M E N T  
W . B .  C l a r k ,  w h o  i s  c r e d i t e d  t o  b e  t h e  f i r s t  t r a i n e d  g e o l o g i s t  t o  w o r k  i n  A u s t r a l i a ,  w a s  
t h e  f i r s t  t o  r e c o g n i s e  t h e  S y d n e y  B a s i n  a s  a  g e o l o g i c a l  e n t i t y .  I n  1 8 4 7 ,  h e  p r e d i c t e d  
t h e  c o a l  s e a m s  p r e s e n t  a t  t h e  b a s i n  m a r g i n s  o c c u r r e d  a t  d e p t h  i n  t h e  b a s i n  ( M a y n e  
e t  a I . ,  1 9 7 4 ) .  S i n c e  t h e n ,  a b u n d a n t  l i t e r a t u r e  o n  t h e  S y d n e y  B a s i n  h a s  
a c c u m U l a t e d .  
P r e v i o u s  w o r k  h a s  b e e n  d i s c u s s e d  b y  C a r n e  ( 1 9 0 3 ) ,  V a l i a n c e  a n d  B r a n a g a n  
( 1 9 6 8 ) ,  P a c k h a m  ( 1 9 6 9 ) ,  M a y n e  e t  a l .  ( 1 9 7 4 ) ,  M e n z i e s  ( 1 9 7 4 ) ,  B r a n a g a n  e t  a l .  
( 1 9 7 6 ) ,  a n d  H e r b e r t  a n d  H e l b y  ( 1 9 8 0 ) .  T h e  m o s t  r e c e n t  c o m p r e h e n s i v e  s t u d y  o f  t h e  
N a r r a b e e n  G r o u p  i n  t h e  S y d n e y  B a s i n  w a s  u n d e r t a k e n  b y  G a l l o w a y  a n d  H a m i l t o n  
( 1 9 8 8 )  a n d  H a m i l t o n  a n d  G a l l o w a y  ( 1 9 8 9 ) .  
1 . 1 . 2  D E F I N I T I O N  O F  T H E  S Y D N E Y  B A S I N  
T h e  S y d n e y  B a s i n  ( F i g  1 - 1 )  i s  t h e  s o u t h e r n  p a r t  o f  t h e  S y d n e y - B o w e n  B a s i n  
( B e m b r i c k  e t  a I . ,  1 9 7 3 ) .  I t  i s  b o u n d e d  t o  t h e  n o r t h e a s t  b y  t h e  H u n t e r  T h r u s t  S y s t e m ,  
w h i c h  d e v e l o p e d  a t  t h e  M i d d l e  P e r m i a n  t i m e  ( L e i t c h ,  1 9 7 4 ) .  T o  t h e  w e s t ,  t h e  
P e r m o - T r i a s s i c  s e q u e n c e s  o f  t h e  b a s i n  t h i n  a n d  o n l a p  t h e  L a c h l a n  F o l d  B e l t .  T h u s  
t h e  w e s t e r n  b o u n d a r y  i s  d e p o s i t i o n a l  o r  e r o s i o n a l ,  r a t h e r  t h a n  s t r u c t u r a l .  T h e  b a s i n  
i s  s e p a r a t e d  f r o m  t h e  G u n n e d a h  B a s i n  b y  t h e  M o u n t  C o r i c u d g y  A n t i c l i n e  i n  t h e  
n o r t h w e s t  ( S t u n t z ,  1 9 6 9 ) .  T h e  s o u t h e a s t e r n  m a r g i n  i s  a  r i f t e d  m a r g i n  a n d  i t s  e x a c t  
l o c a t i o n  i s  s t i l l  t o  b e  d e t e r m i n e d .  H o w e v e r ,  M a y n e  e t  a l .  ( 1 9 7 4 )  d e f i n e d  t h e  e d g e  o f  
t h e  c o n t i n e n t a l  s h e l f  a s  t h e  p r o b a b l e  s o u t h e a s t e r n  b o u n d a r y ,  b u t  t h e  t e c t o n i c  
b o u n d a r y  i s  m o r e  l i k e l y  t o  b e  t h e  b a s e  o f  t h e  c o n t i n e n t a l  s l o p e  a d j a c e n t  t o  t h e  
o l d e s t  m a g n e t i c  a n o m a l y .  T h e  S y d n e y  B a s i n  c o v e r s  a n  a r e a  o f  a b o u t  5 2 , 0 0 0  k m 2 ,  
S C A L E  
2 0  0  2 0  4 0  6 0  8 0  K M  
3 2  
3 4  
,  ,  " , I  
/ j  
I -
. . J  
U l  
! X I  
I  
~ 
u . .  
Z  
< t ! l .  
. . J  
J :  
o  
~ 
,  
' _ . _ . - . i . ,  
,  .  
8 0 0  K M  
•  
\ 7  
1 5 0  
~ 
' i  
~ 
~ 
~ 
~ 
~ 
,  
~«, .  
, , /  
,,~/ 
, f l  
~ I  
~<l~ /  
~O X  
c P  /  
~ . . . . . . .  / /  
, . '  
> -
~ 
£ )  
> -
C l )  
~ 
C l )  
«  
Q )  
~ 
~ 
~ 
~ 
~ 
( )  
1 5 2  
N  
~ I  3 2  
~ 
' ( )  
~ 
' ! ) "  
I S ' ; -
~ 
~ 
' I i  
' "  ' "  
f
~ 
~ r ; " C i  
t - .  
c :  . . .  0 ) .  
o  " ' .  
o  ' I l  
&  
~ 
. . .  
~ 
< " " "  
< c :  
K , ' "  
OJ~ 
~ 
' I l  
q V ,  
3 4  
1 5 2  
F i g  1 - 1  
L o c a t i o n  a n d  p r e s e n t  d a y  b o u n d a r i e s  o f  t h e  S y d n e y  B a s i n .  
2  
3  
o f  w h i c h  6 ,  0 0 0  k m 2  i s  o f f s h o r e ,  i f  t h e  e d g e  o f  t h e  c o n t i n e n t a l  s h e l f  i s  t a k e n  a s  t h e  
s o u t h e a s t e r n  b o u n d a r y  o f  t h e  b a s i n  ( M a y n e  e t  a I . ,  1 9 7 4 ) .  
T h e  o n s e t  o f  s e d i m e n t a t i o n  i n  t h e  b a s i n  i s  n o t  d e f i n e d  h e r e .  I n  f a c t ,  m o s t  d e f i n i t i o n s  
a r e  v a g u e  i n  t e r m s  o f  t h e  o n s e t  o f  s e d i m e n t a t i o n  i n  t h e  b a s i n  ( H e r b e r t ,  1 9 8 0 a ) .  
A c c o r d i n g  t o  H e r b e r t ,  t h e  U p p e r  C a r b o n i f e r o u s  a n d  L o w e r  P e r m i a n  s e d i m e n t s  a r e  
i n c l u d e d  i n  t h e  s e d i m e n t s  o f  t h e  b a s i n  e v e n  t h o u g h  t h e  S y d n e y  B a s i n  t o o k  s h a p e  
o n l y  f r o m  t h e  m i d - P e r m i a n .  T h e  C a r b o n i f e r o u s  t o  T r i a s s i c  s e d i m e n t s  w e r e  
d e p o s i t e d  i n  a n  a l t e r n a t i n g  m a r i n e  a n d  n o n - m a r i n e  e n v i r o n m e n t .  O f  t h e m ,  t h e  
C a r b o n i f e r o u s  a n d  T r i a s s i c  s e d i m e n t s  w e r e  l a r g e l y  l a i d  d o w n  i n  n o n - m a r i n e  
e n v i r o n m e n t .  
1 . 1 . 3  N O M E N C L A T U R E  A N D  C O R R E L A T I O N  O F  S T R A T I G R A P H Y  
S e d i m e n t s  c o n t a i n e d  i n  t h e  S y d n e y  B a s i n  r a n g e  i n  a g e  f r o m  L a t e  C a r b o n i f e r o u s  t o  
M i d d l e  T r i a s s i c  ( F i g  1 - 2 ) .  H o w e v e r ,  D e v o n i a n  s e d i m e n t s ,  w h i c h  l i e  b e n e a t h  
C a r b o n i f e r o u s  s e d i m e n t s  i n  t h e  n o r t h e a s t  m a r g i n  o f  t h e  b a s i n ,  m a y  o c c u r  a t  d e p t h  
i n  t h e  b a s i n ,  e s p e c i a l l y  i n  t h e  H u n t e r  V a l l e y  a r e a  ( B e m b r i c k  e t  a I . ,  1 9 7 3 ) .  
C a r b o n i f e r o u s  s e d i m e n t s  a r e  m o s t l y  a b s e n t  i n  t h e  m o r e  s o u t h e r l y  a r e a s  w h e r e  
P e r m o - T r i a s s i c  s e q u e n c e s  r e s t  d i r e c t l y  o n  a  P a l a e o z o i c  b a s e m e n t  o f  g r a n i t i c  a n d  
m e t a m o r p h i c  r o c k s  a n d  U p p e r  D e v o n i a n  s e d i m e n t s .  P e r m i a n  s e d i m e n t s  o u t c r o p  i n  
s e p a r a t e d  a r e a s  a l o n g  t h e  m a r g i n s  o f  t h e  b a s i n .  T r i a s s i c  s e d i m e n t s  a r e  e x p o s e d  
o v e r  a  g r e a t  p a r t  o f  t h e  c e n t r a l  a r e a  o f  t h e  b a s i n .  
T h e  w a y  i n  w h i c h  t h e  s e d i m e n t s  c o n t a i n e d  i n  t h e  b a s i n  c r o p  o u t  c o m p l i c a t e s  t h e  
n o m e n c l a t u r e s  f o r  t h e  s t r a t i g r a p h y ,  p a r t i c u l a r l y  f o r  t h e  P e r m i a n  s e d i m e n t s .  T h r e e  
d i f f e r e n t  n o m e n c l a t u r e  s c h e m e s  h a v e  e v o l v e d  f o r  t h e  w e s t e r n  a r e a ,  n o r t h e r n  a r e a ,  
a n d  c e n t r a l  a n d  s o u t h e r n  a r e a s  ( F i g  1 - 3 ) .  
M a y n e  e t  a l .  ( 1 9 7 4 )  m a d e  a  c o r r e l a t i o n  o f  t h e  s t r a t i g r a p h y  i n  d i f f e r e n t  a r e a s  o f  t h e  
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b a s i n .  T h e y  d i v i d e d  t h e  P e r m o - T r i a s s i c  s e q u e n c e  i n t o  f o u r t e e n  s e d i m e n t a r y  
s u b d i v i s i o n s ,  w h i c h  w e r e  d e f i n e d  a s  " i n t e r v a l s " .  B a s e d  o n  a  c o m b i n a t i o n  o f  
p a l e o n t o l o g i c a l  e v i d e n c e ,  l i t h o l o g y ,  o r d e r  o f  s t r a t i g r a p h i c  s u p e r p o s i t i o n  a n d  
e v i d e n c e  f r o m  s e i s m i c  r e f l e c t i o n  s e c t i o n s ,  t h e y  c o r r e l a t e d  t h e  f o u r t e e n  s e d i m e n t a r y  
i n t e r v a l s  t h r o u g h o u t  t h e  w h o l e  b a s i n .  A c c o r d i n g  t o  t h e m ,  h o w e v e r ,  t h e  p r e c i s i o n  o f  
t h e  p a l e o n t o l o g i c a l  a g e  d a t i n g  t h r o u g h o u t  t h e  b a s i n  i s  n o t  a c c u r a t e  e n o u g h  t o  
p r o v e  t h e  t e m p o r a l  e q u i v a l e n c e  o f  e a c h  i n t e r v a l  o v e r  a  l o n g  d i s t a n c e .  T h e  
c o r r e l a t i o n  s c h e m e s  b y  B e m b r i c k  a n d  L o n e r g a n  ( 1 9 7 6 )  a n d  B r a n a g a n  e t  a l .  ( 1 9 7 6 )  
i n c o r p o r a t e  U p p e r  C a r b o n i f e r o u s  s e d i m e n t s .  E x c e p t  f o r  t h i s ,  b o t h  s c h e m e s  a r e  
s i m i l a r  t o  t h a t  b y  M a y n e  e t  a l .  ( 1 9 7 4 ) .  
T h e  c o r r e l a t i o n  s c h e m e  u s e d  i n  t h e  t h e s i s  ( F i g  1 - 3 )  l a r g e l y  f o l l o w s  t h a t  b y  
B r a n a g a n  e t  a l .  ( 1 9 7 6 )  w i t h  m i n o r  m o d i f i c a t i o n s  u s i n g  t h e  c o r r e l a t i o n  s c h e m e  b y  
B e m b r i c k  a n d  L o n e r g a n  ( 1 9 7 6 )  a n d  o t h e r  r e c e n t  l i t e r a t u r e .  A l t h o u g h  r e c e n t  d e e p  
d r i l l i n g  a n d  g e o p h y s i c a l  s t u d i e s  h a v e  a i d e d  c o r r e l a t i o n s  w i t h i n  t h e  b a s i n ,  s o m e  
p r o b l e m s  s t i l l  r e m a i n  t o  b e  r e s o l v e d .  
1  2  S T B A T I G R A P H Y  A N D  D E P O S I T I O N A L  E N V I R O N M E N T  
A  c o m p r e h e n s i v e  d i s c u s s i o n  o f  t h e  t o p i c  w a s  m a d e  b y  P a c k h a m  ( 1 9 6 9 ) ,  M a y n e  e t  
a l .  ( 1 9 7 4 ) ,  a n d  H e r b e r t  a n d  H e l b y  ( 1 9 8 0 ) .  T h e  f o l l o w i n g  g e n e r a l  d i s c u s s i o n  i s  
s u m m a r i s e d  m a i n l y  f r o m  t h e  p u b l i c a t i o n s  b y  t h e s e  a u t h o r s .  
I n  t h e i r  s t u d y  o f  t h e  S y d n e y  B a s i n ,  M a y n e  e t  a l .  ( 1 9 7 4 )  a d o p t e d  t h e  " i n t e r v a l "  
c o n c e p t .  T h e  i n t e r v a l  w a s  d e f i n e d  a s  a n  i n f o r m a l  i n t e r v a l  s u b d i v i s i o n  o f  t h e  r o c k s  
i n t o  w i d e - s p r e a d  u n i t s  t h a t  h a v e  g e n e t i c  s i g n i f i c a n c e .  I t s  b o u n d a r i e s  w e r e  t a k e n  a t  
l i t h o l o g i c a l  c h a n g e s  i n  a  s e q u e n c e  i n  s u c h  a  w a y  t h a t  t h e y  a p p r o x i m a t e  t i m e  l i n e s  
a s  c l o s e  a s  p o s s i b l e .  D u e  t o  t h e  l i m i t e d  p a l e o n t o l o g i c a l  d a t i n g  d a t a ,  h o w e v e r ,  t h e  
a g e  a c c u r a c y  o f  a n  i n t e r v a l  i s  s t i l l  t o  b e  d e t e r m i n e d .  U s i n g  t h e  " i n t e r v a l "  c o n c e p t ,  
M a y n e  e t  a l .  d i v i d e d  t h e  P e r m o - T r i a s s i c  s e q u e n c e  o f  t h e  S y d n e y  B a s i n  i n t o  1 4  
i n t e r v a l s .  
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H e r b e r t  ( 1 9 8 0 a )  d e v e l o p e d  t h e  " d e p o s i t i o n a l  e p i s o d e "  c o n c e p t  i n  h i s  d i s c u s s i o n  o f  
t h e  s e d i m e n t a t i o n  i n  t h e  S y d n e y  B a s i n .  T h i s  t e r m  i s  n o t  t h e  s a m e  a s  t h e  
" d e p o s i t i o n a l  e p i s o d e "  u s e d  b y  F r a z i e r  ( 1 9 7 4 )  i n  h i s  d e s c r i p t i o n  o f  t h e  s t r a t i g r a p h y  
o f  t h e  G u l f  B a s i n .  H e r b e r t  ( 1 9 8 0 a ,  p . 1 9 )  d e f i n e d  h i s  d e p o s i t i o n a l  e p i s o d e  t h u s :  " A  
D E P O S I T I O N A L  E P I S O D E  i s  e n v i s a g e d  h e r e i n  a s  a  p e r i o d  o f  c o n t i n u o u s  
d e p o s i t i o n  d u r i n g  a  r e l a t i v e l y  m a j o r  r e g r e s s i o n  o r  t r a n s g r e s s i o n  w h i c h  i s  n o w  
r e p r e s e n t e d  b y  a  m o r e  o r  l e s s  c o n f o r m a b l e  s t r a t i g r a p h i c  s e q u e n c e  o f  s e d i m e n t s .  
A l l  s e d i m e n t s  d e p o s i t e d  d u r i n g  a  s i n g l e  d e p o s i t i o n a l  e p i s o d e  m a y  n o t  b e  o f  
e q u i v a l e n t  a g e  b e c a u s e  s e d i m e n t s  b e c o m e  p r o g r e s s i v e l y  y o u n g e r  i n  t h e  d i r e c t i o n  
o f  p r o g r a d a t i o n .  A l s o ,  p a r t  o f  o n e  d e p o s i t i o n a l  e p i s o d e  m a y  c o - e x i s t  i n  t i m e  w i t h  
a n o t h e r . "  U s i n g  h i s  d e p o s i t i o n a l  e p i s o d e  c o n c e p t  H e r b e r t ,  f o l l o w i n g  a  s y s t e m  o f  
t e c t o n i c  s t a g e s  p r o p o s e d  b y  S c h e i b n e r  ( 1 9 7 6 ) ,  g r o u p e d  t h e  L a t e  C a r b o n i f e r o u s  t o  
M i d d l e  T r i a s s i c  s e d i m e n t a r y  s e q u e n c e  o f  t h e  b a s i n  i n t o  1 3  d i f f e r e n t  d e p o s i t i o n a l  
e p i s o d e s .  T h e y  t o o k  p l a c e  i n  f o u r  d i f f e r e n t  t e c t o n i c  s t a g e s .  
H e r b e r t ' s  " d e p o s i t i o n a l  e p i s o d e "  h a d  n o  c e r t a i n  r e l a t i o n s h i p  w i t h  M a y n e  e t  a l . ' s  
" i n t e r v a l " .  I n  t e r m s  o f  t h e  c o m p o n e n t s  o f  r o c k  u n i t s ,  o n e  d e p o s i t i o n a l  e p i s o d e  c a n  
i n c l u d e  s e v e r a l  i n t e r v a l s  a n d  v i c e  v e r s a .  ( e . g .  T h e  G r e t a  D e p o s i t i o n a l  E p i s o d e  
i n c l u d e s  I n t e r v a l s  1  a n d  2 ;  I n t e r v a l  1 2  i n c l u d e s  t h e  L o w e r ,  M i d d l e  a n d  U p p e r  
N a r r a b e e n  D e p o s i t i o n a l  E p i s o d e s . )  I n  o t h e r  c a s e s ,  o n e  d e p o s i t i o n a l  e p i s o d e  i s  t h e  
e q u i v a l e n t  o f  o n e  i n t e r v a l .  (  e . g .  I n t e r v a l  1 4  a n d  t h e  W i a n a m a t t a  D e p o s i t i o n a l  
E p i s o d e  a r e  e q u i v a l e n t s . )  
1 . 2 . 1  T A L A T E R A N G  G R O U P  A N D  C O R R E L A T I V E  S E A H A M  F O R M A T I O N  
I n  t h e  s o u t h e r n  a r e a  o f  t h e  S y d n e y  B a s i n ,  t h e  o l d e s t  s e d i m e n t s ,  w h o s e  a g e  i s  
d e t e r m i n e d  t o  b e  L a t e  C a r b o n i f e r o u s  b y  s p o r e s  ( H e l b y  a n d  H e r b e r t ,  1 9 7 1 ) ,  r e s t  
u n c o n f o r m a b l y  o n  m u c h  o l d e r  s t r o n g l y  f o l d e d  P a l a e o z o i c  r o c k s .  T h e s e  s e d i m e n t s  
c o m p r i s e  t h e  T a l a t e r a n g  G r o u p  ( G o s t i n  a n d  H e r b e r t ,  1 9 7 3 ) .  T h e  g r o u p  i s  
r e p r e s e n t e d  o n l y  i n  t w o  n a r r o w  e a s t - w e s t  t r e n d i n g  p a l a e o - v a l l e y s  a n d  w a s  l a i d  
8  
d o w n  i n  a  g l a c i a l - f l u v i a l  e n v i r o n m e n t  ( H e r b e r t ,  1 9 7 2 ;  1 9 8 0 b ) .  I n  t h e  n o r t h e r n  a r e a  
o f  t h e  S y d n e y  B a s i n ,  i t s  c o r r e l a t i v e ,  t h e  S e a h a m  F o r m a t i o n ,  e x p e r i e n c e d  a  s i m i l a r  
d e p o s i t i o n a l  e n v i r o n m e n t  ( B e m b r i c k  a n d  L o n e r g a n ,  1 9 7 6 ) .  
1 . 2 . 2  L O C H I N V A R  F O R M A T I O N ;  A L L A N D A L E  F O R M A T I O N  A N D  I T S  
C O R R E L A T I V E  W A S P  H E A D  F O R M A T I O N  
T h e  L o c h i n v a r  a n d  A l l a n d a l e  F o r m a t i o n s  c o n s i s t  o f  s h a l e  t o  c o n g l o m e r a t e  a n d  
i n t e r b e d d e d  p y r o c l a s t i c s .  T h e  L o c h i n v a r  F o r m a t i o n  i s  r e s t r i c t e d  t o  t h e  n o r t h e r n  a r e a  
o f  t h e  b a s i n .  I t  h a s  a  t h i c k n e s s  o f  8 3 5  m  i n  t h e  L o c h i n v a r  a r e a  b u t  i s  p o o r l y  e x p o s e d  
( O s b o r n e ,  1 9 4 9 ) .  M a y n e  e t  a l .  ( 1 9 7 4 )  a t t r i b u t e d  t h e  t w o  f o r m a t i o n s  t o  m a r i n e  
d e p o s i t i o n  i n  a  n o r t h w e s t e r l y  t r e n d i n g  t r o u g h  i n  t h e  n o r t h e r n  S y d n e y  B a s i n .  S e a  
w a t e r  i n v a d e d  t h e  t r o u g h  f r o m  b o t h  t h e  n o r t h w e s t  a n d  s o u t h e a s t .  T h e  m a r i n e  
s e d i m e n t a t i o n  w a s  a c c o m p a n i e d  b y  i n t r u s i v e  a n d  e x t r u s i v e  b a s i c  t o  i n t e r m e d i a t e  
v o l c a n i s m .  
T h e  A l l a n d a l e  F o r m a t i o n  r e p r e s e n t s  a  s u b l i t t o r a l  s a n d s t o n e  a n d  c o n g l o m e r a t e  
f a c i e s .  I t s  c o r r e l a t i v e  t o  t h e  s o u t h ,  t h e  W a s p  H e a d  F o r m a t i o n ,  h a s  s i m i l a r  l i t h o l o g i e s  
a n d  c o n s i s t  l a r g e l y  o f  s a n d s t o n e s ,  p e b b l y  s a n d s t o n e s  a n d  c o n g l o m e r a t e s .  I t  i s  
r e s t r i c t e d  t o  a  s m a l l  a r e a  a t  D u r r a s  o n  t h e  s o u t h  c o a s t  a n d  w a s  d e p o s i t e d  i n  a  
l i t t o r a l  t o  n e a r s h o r e  e n v i r o n m e n t  ( R u n n e g a r ,  1 9 8 0 ) .  
1 . 2 . 3  R U T H E R F O R D  A N D  F A R L E Y  F O R M A T I O N S  A N D  T H E I R  C O R R E L A T I V E  
P E B B L Y  B E A C H  F O R M A T I O N  
T h e  R u t h e r f o r d  F o r m a t i o n  i s  c o m p o s e d  o f  s h a l e  a n d  s i l t s t o n e  w i t h  t h i n  l i m e s t o n e s  
a n d  m a r l s  o c c u r r i n g  i n  t h e  P o k o l b i n  a r e a  ( M c C l u n g ,  1 9 8 0 ) .  T h e  f o r m a t i o n  c r o p s  o u t  
s o  p o o r l y  t h a t  n o  t y p e  s e c t i o n  h a s  b e e n  e s t a b l i s h e d .  H o w e v e r ,  a  3 8 4  m  s e c t i o n  w a s  
i n t e r s e c t e d  i n  t h e  S u n w e l l  N o . 1  b o r e h o l e  ( M c C l u n g ,  1 9 8 0 ) .  T h e  o v e r l y i n g  F a r l e y  
F o r m a t i o n  i s  3 0 0  m  t h i c k  i n  i t s  t y p e  s e c t i o n  a t  F a r l e y  R a i l w a y  S t a t i o n  w h e r e  i t  
c o n s i s t s  o f  f i n e  t o  m e d i u m  g r a i n e d ,  m o d e r a t e l y  f o s s i l i f e r o u s ,  s i l t y  s a n d s t o n e  
( O s b o r n e ,  1 9 4 9 ) .  T h e  s a n d s t o n e  b e c o m e s  c o a r s e  t o w a r d s  b o t h  t h e  t o p  a n d  t h e  
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northern source area. The two formations together have been correlated with the 
Pebbly Beach Formation in the central and southern areas of the basin (Fig 1-3), 
whose lithology is dominated by siltstones, silty fine and very fine sandstones. 
The sediments of the Rutherford and Farley Formations were deposited during a 
marine transgression, which began in Lochinvar Formation time (Mayne et aI., 
1974). According to McClung (1980), however, most of the sediments of the two 
formations were laid down during a slow marine regression after an initial marine 
transgression. 
The silty sediments of the Pebbly Beach Formation were laid down in a tidal flat 
environment (Gostin and Herbert, 1973). Landward of the tidal flat, peat 
accumulated in isolated swampy coastal plains, which resulted in the deposition of 
the Clyde Coal Measures in part of the Clyde River area. 
The Lochinvar, Allandale, Rutherford, and Farley Formations discussed above 
comprise the Dalwood Group in the northern area of the Sydney Basin (Fig 1-3). It 
is generally the product of marine sedimentation, which was accompanied by 
active volcanism (McClung, 1980). 
1.2.4 GRETA COAL MEASURES AND CORRELATIVE SNAPPER POINT 
FORMATION 
The Greta Coal Measures consist of conglomerates and sandstones with 
subordinate siltstones and mudstones. Several coal seams, of which the Greta 
Coal Member is the most important, are interbedded with these sediments. The 
Greta Coal Measures have a thickness of 242 ft in their type section near Greta 
(Raggatt, 1938). They have a transitional relationship with the underlying Farley 
Formation in the Lochinvar Anticline area. The relationship implies a gradual 
shallowing, which led to deposition of non-marine sediments. Facies relationships 
and current directions in the Greta Coal Measures suggest a northerly source area 
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( R a t t i g a n  a n d  M c K e n z i e ,  1 9 6 9 ) ,  w h i c h  i s  a l s o  s u p p o r t e d  b y  t h e  s o u t h w a r d  t h i n n i n g  
o f  t h e  u n i t  i n  t h e  s u b s u r f a c e  ( M a y n e  e t  a I . ,  1 9 7 4 ;  M c C l u n g ,  1 9 8 0 ) .  T h e  G r e t a  C o a l  
M e a s u r e s  r e s u l t e d  f r o m  a  m a r i n e  r e g r e s s i o n .  
T h e  c o r r e l a t i v e  o f  t h e  G r e t a  C o a l  M e a s u r e s  i n  o t h e r  a r e a s  o f  t h e  b a s i n ,  t h e  
S n a p p e r  P o i n t  F o r m a t i o n ,  h a s  a  s i m i l a r  l i t h o l o g y  b u t  i s  l a c k  o f  c o a l  s e a m s .  T h e  
f o r m a t i o n  t h i n s  e a s t w a r d s  ( H e r b e r t ,  1 9 8 0 b ) .  I n  o u t c r o p s ,  w h i c h  a r e  e x t e n s i v e  i n  t h e  
s o u t h w e s t e r n  a r e a  o f  t h e  b a s i n ,  i t  i s  a  s u b l i t t o r a l  s a n d .  T h e  s a n d  c o a r s e n s  
w e s t w a r d s  w h e r e  b e a c h  a n d  e v e n  f l u v i a l  f a c i e s  m a y  o c c u r  ( R u n n e g a r ,  1 9 8 0 ) .  T h e  
f o r m a t i o n  e x i s t s  i n  m o s t  p a r t s  o f  t h e  s o u t h e r n ,  w e s t e r n  a n d  c e n t r a l  a r e a s  o f  t h e  
b a s i n .  I n  f a c t ,  t h e  S n a p p e r  P o i n t  F o r m a t i o n  m a r k s  t h e  f i r s t  o f  t h e  t w o  m a j o r  
t r a n s g r e s s i o n s  w h i c h  i n v a d e d  t o  t h e  w e s t e r n  m a r g i n  o f  t h e  b a s i n  ( R u n n e g a r ,  1 9 8 0 ) .  
A s  i n d i c a t e d  a b o v e ,  t h e  G r e t a  C o a l  M e a s u r e s  a r e  t h e  p r o d u c t  o f  a  m a r i n e  
r e g r e s s i o n  w h e r e a s  t h e  S n a p p e r  P o i n t  F o r m a t i o n  r e s u l t e d  f r o m  a  m a r i n e  
t r a n s g r e s s i o n .  T h u s  i t  s e e m s  u n r e a s o n a b l e  t h a t  t h e  G r e t a  C o a l  M e a s u r e s  c o r r e l a t e  
w i t h  t h e  S n a p p e r  P o i n t  F o r m a t i o n .  R u n n e g a r  ( 1 9 8 0 )  a t t e m p t e d  t o  r e s o l v e  t h i s  
t r o u b l e s o m e  c o r r e l a t i o n  p r o b l e m .  A c c o r d i n g  t o  h i m ,  t h e  S n a p p e r  P o i n t  F o r m a t i o n  
a p p e a r s  m o r e  l i k e l y  t o  b e  t h e  s o u t h e r n  e x p r e s s i o n  o f  a  m a j o r  t r a n s g r e s s i o n  w h i c h  
f o l l o w e d  t h e  b r i e f  G r e t a  r e g r e s s i o n .  T h e  m a j o r  t r a n s g r e s s i o n  a l s o  r e s u l t e d  i n  t h e  
d e p o s i t i o n  o f  t h e  b a s a l  p a r t  o f  t h e  B r a n x t o n  F o r m a t i o n  i n  t h e  n o r t h e r n  a r e a  o f  t h e  
S y d n e y  B a s i n .  H o w e v e r ,  R u n n e g a r  d i d  n o t  d i s c u s s  w h i c h  r o c k  u n i t s  c o r r e l a t e  w i t h  
t h e  G r e t a  C o a l  M e a s u r e s .  
T h e  W a s p  H e a d ,  P e b b l y  B e a c h ,  a n d  S n a p p e r  P o i n t  F o r m a t i o n s  d i s c u s s e d  a b o v e  
c o m p r i s e  t h e  C o n j o l a  S u b - G r o u p .  I t  i s  t h e  b a s a l  p a r t  o f  t h e  S h o a l h a v e n  G r o u p  i n  
t h e  s o u t h e r n  a n d  c e n t r a l  a r e a s  o f  t h e  b a s i n  ( F i g  1 - 3 ) .  
1 . 2 . 5  W A N D R A W A N D I A N  S I L T S T O N E  A N D  C O R R E L A T I V E  B R A N X T O N  
F O R M A T I O N  ( E X C L U D I N G  B A S A L  P A R T )  
1 1  
T h e  W a n d r a w a n d i a n  S i l t s t o n e  i s  d o m i n a t e d  b y  s i l t s t o n e s .  I t  c o n t a i n s  d i s p e r s e d  
c l a s t s  a n d  m e g a c l a s t s ,  w h i c h  a r e  a l s o  c o m m o n  i n  t h e  u n d e r l y i n g  C o n j o l a  S u b -
G r o u p .  I t  t h i n s  w e s t w a r d s  f r o m  a b o u t  2 5 0  m  a t  t h e  c o a s t  t o  i t s  d i s a p p e a r a n c e  o n  t h e  
w e s t e r n  m a r g i n  o f  t h e  b a s i n  w h e r e  t h e  o v e r l y i n g  N o w r a  S a n d s t o n e  r e s t s  d i r e c t l y  o n  
t h e  S n a p p e r  P o i n t  F o r m a t i o n  ( R u n n e g a r ,  1 9 8 0 ) .  I t  c o r r e l a t e s  w i t h  t h e  B r a n x t o n  
F o r m a t i o n  ( e x c l u d i n g  t h e  b a s a l  p a r t )  t o  t h e  n o r t h .  T h e  b a s a l  p a r t  o f  t h e  B r a n x t o n  
F o r m a t i o n  c o r r e l a t e s  w i t h  t h e  t o p  p a r t  o f  t h e  S n a p p e r  P o i n t  F o r m a t i o n  a n d  c o n s i s t s  
o f  s a n d s t o n e s  a n d  c o n g l o m e r a t e s .  H o w e v e r ,  t o w a r d s  t h e  t o p  t h e  B r a n x t o n  
F o r m a t i o n  i s  d o m i n a t e d  b y  s i l t y  s a n d s t o n e s  a n d  s i l t s t o n e s .  
T h e  W a n d r a w a n d i a n  S i l t s t o n e  w a s  l a i d  d o w n  i n  a  q u i e t  s h a l l o w  s h e l f  e n v i r o n m e n t  
b e l o w  w a v e  b a s e .  T h e  d i s p e r s e d  c l a s t s  a n d  m e g a c l a s t s  c o n t a i n e d  i n  t h e  u n i t  w e r e  
p r o b a b l y  t r a n s p o r t e d  t o  t h e  q u i e t  m a r i n e  e n v i r o n m e n t  b y  i c e  r a f t s  a n d  i c e b e r g s  f r o m  
t h e  s o u t h  ( H e r b e r t ,  1 9 8 0 b ) .  T o  t h e  n o r t h ,  t h e  B r a n x t o n  F o r m a t i o n  r e s u l t e d  f r o m  a  
s t e a d y  m a r i n e  t r a n s g r e s s i o n  f o l l o w i n g  t h e  G r e t a  r e g r e s s i o n  ( M c C l u n g ,  1 9 8 0 ) .  
1 . 2 . 6  N O W R A  S A N D S T O N E  A N D  C O R R E L A T I V E  M U R E E  S A N D S T O N E  
T h e  N o w r a  S a n d s t o n e  a n d  i t s  c o r r e l a t i v e  t o  t h e  n o r t h ,  t h e  M u r e e  S a n d s t o n e ,  
c o n s i s t  o f  q u a r t z o s e  t o  l i t h i c  q u a r t z o s e  s a n d s t o n e s  w i t h  s o m e  i n t e r b e d d e d  
s i l t s t o n e s .  T h e y  s h o w  w e l l - d e v e l o p e d  c r o s s - s t r a t i f i c a t i o n .  T h i c k n e s s  r e a c h e s  u p  t o  
8 0 - 9 0  m  b u t  c o m m o n l y  i s  l e s s  t h a n  5 0  m  ( B e m b r i c k  a n d  L o n e r g a n ,  1 9 7 6 ) .  
T h e  s e d i m e n t s  o f  t h e  N o w r a  a n d  M u r e e  S a n d s t o n e s  w e r e  l a i d  d o w n  i n  a  
n e a r s h o r e  m a r i n e  e n v i r o n m e n t  d u r i n g  a  b r i e f  r e g r e s s i o n  f o l l o w e d  b y  a  m a j o r  
t r a n s g r e s s i o n  ( M a y n e  e t  a I . ,  1 9 7 4 ) .  H o w e v e r ,  R u n n e g a r  ( 1 9 8 0 )  t h o u g h t  t h e  
d e p o s i t i o n  t o o k  p l a c e  w e l l  o u t  o n  t h e  P e r m i a n  c o n t i n e n t a l  s h e l f .  M c K e l v e y  e t  a l .  
( 1 9 7 1 )  s u g g e s t e d  t h a t  t h e  N o w r a  S a n d s t o n e  r e s u l t e d  f r o m  n o r t h e r l y  f l o w i n g  
l o n g s h o r e  c u r r e n t s  d u r i n g  t r a n s g r e s s i o n .  I t  w a s  d e r i v e d  f r o m  t h e  s o u t h  w h i l e  t h e  
M u r e e  S a n d s t o n e  h a d  i t s  s o u r c e  i n  t h e  n o r t h .  
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1 . 2 . 7  B E R R Y  F O R M A T I O N  A N D  C O R R E L A T I V E  M U L B R I N G  S I L T S T O N E  
T h e  B e r r y  F o r m a t i o n  c o n s i s t s  o f  d a r k  t o  m i d - g r e y  s i l t s t o n e s .  I t  i s  r e c o r d e d  t o  h a v e  a  
m a x i m u m  t h i c k n e s s  o f  5 5 0  m  i n  t h e  S t o c k y a r d  M o u n t a i n  N o . 1  b o r e h o l e  ( B o w m a n ,  
1 9 8 0 )  a n d  t h i n s  w e s t w a r d s .  I t s  c o r r e l a t i v e  t o  t h e  n o r t h ,  t h e  M u l b r i n g  S i l t s t o n e  i s  
a l s o  d o m i n a t e d  b y  s i l t s t o n e s .  I t  r e a c h e s  a  t h i c k n e s s  o f  3 3 0  m  a t  i t s  t y p e  s e c t i o n  
n e a r  M u l b r i n g  ( M c K e l l a r ,  1 9 6 9 ) .  
T h e  s e d i m e n t s  o f  t h e  B e r r y  F o r m a t i o n  w e r e  d e p o s i t e d  i n  t h e  d i s t a l  t o  p r o d e l t a  f r i n g e  
o f  V i s h e r ' s  ( 1 9 6 5 )  d e l t a  c l a s s i f i c a t i o n  ( B o w m a n ,  1 9 8 0 ) .  T h e  M u l b r i n g  S i l t s t o n e  w a s  
l a i d  d o w n  i n  d e e p e r  q u i e t  w a t e r  d u r i n g  a n d  a f t e r  t h e  t r a n s g r e s s i o n  t h a t  b e g a n  w i t h  
t h e  d e p o s i t i o n  o f  t h e  N o w r a  a n d  M u r e e  S a n d s t o n e s  ( M a y n e  e t  a I . ,  1 9 7 4 ) .  
T h e  B r a n x t o n  F o r m a t i o n ,  t h e  M u r e e  S a n d s t o n e  a n d  t h e  M u l b r i n g  S i l t s t o n e  
d i s c u s s e d  i n  a b o v e  t h r e e  s e c t i o n s  c o m p r i s e  t h e  M a i t l a n d  G r o u p  i n  t h e  n o r t h e r n  
a r e a  o f  t h e  S y d n e y  B a s i n  ( F i g  1 - 3 ) .  
1 . 2 . 8  B U D G O N G  S A N D S T O N E  
T h e  B u d g o n g  S a n d s t o n e  c o n f o r m a b l y  o v e r l i e s  t h e  B e r r y  F o r m a t i o n .  I t  c o n s i s t s  o f  
q u a r t z o s e  s a n d s t o n e s  a l t h o u g h  t o  t h e  e a s t  a l t e r e d  v o l c a n i c  r o c k  f r a g m e n t s  a r e  
i n c r e a s i n g l y  c o m m o n .  I t  h a s  a  t h i c k n e s s  o f  3 7 0  m  a t  S a d d l e b a c k  M o u n t a i n  a r e a  
( B o w m a n ,  1 9 8 0 ) .  T o  t h e  n o r t h  i t  c o r r e l a t e s  w i t h  t h e  b a s a l  p a r t  o f  t h e  S i n g l e t o n  C o a l  
M e a s u r e s .  
T h e  B u d g o n g  S a n d s t o n e  r e p r e s e n t s  a  n e a r s h o r e  s a n d ,  w h i c h  w a s  d e p o s i t e d  
d u r i n g  a  r e g r e s s i o n .  T h e  r e g r e s s i o n  p r o d u c e d  t h e  o v e r l y i n g  l I I a w a r r a  C o a l  
M e a s u r e s  ( B o w m a n ,  1 9 7 0 ) .  I n  a  l a t e r  p u b l i c a t i o n  B o w m a n  ( 1 9 8 0 )  c o n c l u d e d  t h a t  
t h e  l o w e r  p a r t  o f  t h e  B u d g o n g  S a n d s t o n e  w a s  d e p o s i t e d  b e l o w  w a v e  b a s e  w h i l e  
t h e  r e s t  o f  t h e  u n i t  w a s  l a i d  d o w n  a b o v e  w a v e  b a s e .  
T h e  C o n j o l a  S u b - G r o u p ,  t h e  W a n d r a w a n d i a n  S i l t s t o n e ,  t h e  N o w r a  S a n d s t o n e ,  t h e  
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B e r r y  F o r m a t i o n  a n d  t h e  B u d g o n g  S a n d s t o n e  t o g e t h e r  c o m p r i s e  t h e  S h o a l  h a v e n  
G r o u p  i n  t h e  c e n t r a l ,  w e s t e r n  a n d  s o u t h e r n  a r e a s  o f  t h e  S y d n e y  B a s i n  ( F i g  1 - 3 ) .  
T h e  g r o u p  a n d  i t s  c o r r e l a t i v e  i n  t h e  n o r t h e r n  a r e a  o f  t h e  b a s i n  a r e  d o m i n a t e d  b y  
m a r i n e  s e d i m e n t s  w h i c h  w e r e  d e p o s i t e d  a s  a  r e s u l t  o f  a l t e r n a t i n g  m a r i n e  
t r a n s g r e s s i o n s  a n d  r e g r e s s i o n s .  
O f  t h o s e  t r a n s g r e s s i o n s  t a k i n g  p l a c e  d u r i n g  t h e  S h o a l h a v e n  G r o u p  t i m e ,  t h e  
t r a n s g r e s s i o n  d u r i n g  t h e  d e p o s i t i o n  o f  t h e  S n a p p e r  P o i n t  F o r m a t i o n  a n d  t h e  o n e  
d u r i n g  t h e  d e p o s i t i o n  o f  t h e  M u l b r i n g  S i l t s t o n e  a r e  t h e  t w o  m a j o r  o n e s .  T h e  e a r l i e r  
o n e  r e s u l t e d  i n  t h e  m a r i n e  d e p o s i t i o n  o f  t h e  S n a p p e r  P o i n t  F o r m a t i o n  i n  t h e  
w e s t e r n  a r e a  o f  t h e  b a s i n  f o r  t h e  f i r s t  t i m e  ( B e m b r i c k  a n d  L o n e r g a n ,  1 9 7 6 ) .  T h e  
l a t e r  o n e  i s  t h e  m o s t  w i d e s p r e a d  i n  t h e  S y d n e y  B a s i n  ( M a y n e  e t  a I . ,  1 9 7 4 ) .  F a u n a l  
e v i d e n c e  ( D i c k i n s ,  1 9 6 8 )  s u g g e s t s  t h a t  t h e  s e a  w a s  c o n n e c t e d  w i t h  t h e  B o w e n  
B a s i n  a t  t h i s  t i m e .  T h e  s i t u a t i o n  l a s t e d  u n t i l  t h e  e n d  o f  B u d g o n g  S a n d s t o n e  
d e p o s i t i o n  w h e n  a  r e g r e s s i o n  o c c u r r e d  a n d  r e s u l t e d  i n  t h e  e n d  o f  t h e  d o m i n a n t  
m a r i n e  s e d i m e n t a t i o n  i n  t h e  S y d n e y  B a s i n .  
1 . 2 . 9  S I N G L E T O N  C O A L  M E A S U R E S  ( E X C L U D I N G  B A S A L  P A R T )  A N D  
C O R R E L A T I V E  I L L A W A R R A  C O A L  M E A S U R E S  
A  w i d e s p r e a d  r e g r e s s i o n  t h r o u g h o u t  t h e  w h o l e  S y d n e y  B a s i n  t o o k  p l a c e  a t  t h e  e n d  
o f  B u d g o n g  S a n d s t o n e  d e p o s i t i o n  a n d  l e d  t o  t h e  f o r m a t i o n  o f  e x t e n s i v e  c o a l  
s w a m p s  a n d  a s s o c i a t e d  s e d i m e n t s .  I n  t h e  n o r t h e r n  b a s i n ,  t h e  r e g r e s s i o n  e n d e d  
m a r i n e  s e d i m e n t a t i o n  a n d  p r o d u c e d  a  s e q u e n c e  o f  t h i c k  c o a l  m e a s u r e s  o f  f l u v i a l  
o r i g i n  - t h e  S i n g l e t o n  C o a l  M e a s u r e s  ( C o n o l l y  a n d  F e r m ,  1 9 7 1 ) .  F u r t h e r  s o u t h  
t o w a r d s  t h e  b a s i n  c e n t r e ,  t e r r e s t r i a l  s e d i m e n t a t i o n  a t  t h i s  t i m e  w a s  i n t e r r u p t e d  b y  
s e v e r a l  b r i e f  m a r i n e  t r a n s g r e s s i o n s .  T h e  d e p o s i t i o n  o f  t h e  K u l n u r a  M a r i n e  T o n g u e  
a n d  e q u i v a l e n t s  w i t h i n  t h e  T o m a g o  C o a l  M e a s u r e s  r e c o r d e d  o n e  o f  t h e s e  b r i e f  
t r a n s g r e s s i o n s .  
T h e  S i n g l e t o n  C o a l  M e a s u r e s  a r e  d i v i d e d  i n t o  t h e  W i t t i n g  h a m  C o a l  M e a s u r e s  a n d  
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t h e  o v e r l y i n g  W o l l o m b i  C o a l  M e a s u r e s  i n  t h e  U p p e r  H u n t e r  V a l l e y  a n d  t h e  T o m a g o  
a n d  t h e  o v e r l y i n g  N e w c a s t l e  C o a l  M e a s u r e s  i n  t h e  L o w e r  H u n t e r  V a l l e y  w h e r e  t h e  
S i n g l e t o n  C o a l  M e a s u r e s  c o n s i s t  o f  s o m e  1 2 0 0  m  o f  p r e d o m i n a n t l y  t e r r e s t r i a l  
s e d i m e n t s  ( D i e s s e l ,  1 9 8 0 ) .  
T h e  T o m a g o  C o a l  M e a s u r e s  w e r e  d e p o s i t e d  o n  t i d a l  m u d  f l a t s .  T h r o u g h o u t  i t s  
d e p o s i t i o n ,  m a r i n e  o r  a t  l e a s t  b r a c k i s h  i n f l u e n c e  r e m a i n e d .  T h e  o v e r l y i n g  
N e w c a s t l e  C o a l  M e a s u r e s  r e p r e s e n t  t h e  p r o d u c t  o f  a  h i g h  e n e r g y  t e r r e s t r i a l  s e t t i n g  
( D i e s s e l ,  1 9 8 0 ) ,  w h i c h  i s  s h o w n  b y  t h e  s u b s t a n t i a l  i n c r e a s e  o f  c o a r s e  s e d i m e n t s .  
T h e  S i n g l e t o n  C o a l  M e a s u r e s  ( e x c l u d i n g  t h e  b a s a l  p a r t )  c o r r e l a t e  w i t h  t h e  l I I a w a r r a  
C o a l  M e a s u r e s  i n  o t h e r  a r e a s  o f  t h e  b a s i n .  T h e  I l I a w a r r a  C o a l  M e a s u r e s  a r e  
d i v i d e d  i n t o  t h e  C u m b e r l a n d  S u b - G r o u p  a n d  o v e r l y i n g  S y d n e y  S u b - G r o u p  i n  t h e  
c e n t r a l  a n d  s o u t h e r n  a r e a s  o f  t h e  b a s i n ,  a n d  t h e  N i l e  S u b - G r o u p  a n d  t h e  C h a r b o n  
S u b - G r o u p  i n  t h e  w e s t e r n  a r e a  o f  t h e  b a s i n  ( F i g  1 - 3 ) .  
T h e  C u m b e r l a n d  S u b - G r o u p  c o n s i s t s  o f  t h e  P h e a s a n t s  N e s t  F o r m a t i o n  a n d  t h e  
o v e r l y i n g  E r i n s  V a l e  F o r m a t i o n .  T h e  P h e a s a n t s  N e s t  F o r m a t i o n  r e p r e s e n t s  d e l t a i c  
p l a i n  s e d i m e n t s  g r a d i n g  f r o m  c o a r s e  s a n d s t o n e  a t  t h e  b a s e  o f  t h e  s e q u e n c e  t o  
s i l t s t o n e  a n d  c o a l  a t  t h e  t o p .  I t  h a s  a  g e n e r a l  t h i c k n e s s  o f  a b o u t  7 5  m  w i t h  a  
m a x i m u m  t h i c k n e s s  b e i n g  u p  t o  1 8 5  m  ( B o w m a n ,  1 9 8 0 ) .  T h e  o v e r l y i n g  E r i n s  V a l e  
F o r m a t i o n  c o n s i s t s  o f  p o o r l y  s o r t e d ,  o f t e n  b i o t u r b a t e d  v o l c a n i c l a s t i c  s a n d s t o n e  a n d  
i s  t h e  p r o d u c t  o f  a  m a r i n e  t r a n s g r e s s i o n .  
T h e  S y d n e y  S u b - G r o u p  i s  s e p a r a t e d  f r o m  t h e  u n d e r l y i n g  C u m b e r l a n d  S u b - G r o u p  
b y  a  m a r k e d  e r o s i o n  s u r f a c e .  T h e  s u b - g r o u p  c o n s i s t s  o f  l i t h i c  s a n d s t o n e ,  l a m i n i t e ,  
s i l t s t o n e ,  m u d  r o c k ,  a n d  c o a l  w i t h  m i n o r  a m o u n t s  o f  t u f f .  I t s  t h i c k n e s s  r e a c h e s  u p  t o  
1 6 5  m .  I t  w a s  d e p o s i t e d  i n  a  l o w e r  d e l t a i c  p l a i n  e n v i r o n m e n t  ( B o w m a n ,  1 9 8 0 ) .  T h e  
s e d i m e n t s  o f  t h e  s u b - g r o u p  s e e m e d  t o  h a v e  b e e n  d e r i v e d  f r o m  a  s o u t h e r n  
a n d e s i t i c  s o u r c e  w h i l e  t h o s e  o f  t h e  S y d n e y  S u b - G r o u p  f r o m  a  n o r t h e r n  q u a r t z - l i t h i c  
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s o u r c e .  
I n  t h e  w e s t e r n  a r e a  o f  t h e  b a s i n ,  t h e  N i l e  S u b - G r o u p  r e p r e s e n t s  t h e  t r a n s i t i o n  f r o m  
m a r i n e  s i l t s t o n e s  a n d  s a n d s t o n e s  o f  t h e  B e r r y  S i l t s t o n e  t o  d e l t a  s a n d s t o n e s  a n d  
t o p - d e l t a  c o a l s .  T h e  o v e r l y i n g  C h a r b o n  S u b - G r o u p  i s  c o m p o s e d  o f  f l u v i a l  p o i n t  b a r  
s a n d s t o n e s ,  w i t h  f l o o d p l a i n  s i l t s t o n e s ,  c l a y s t o n e s ,  a n d  c o a l s  ( B e m b r i c k ,  1 9 8 0 ) .  
1 . 2 . 1 0  N A R R A B E E N  G R O U P  
T h e  N a r r a b e e n  G r o u p  ( e x c l u d i n g  N e w p o r t  a n d  G a r i e  F o r m a t i o n s )  i s  t h e  
s t r a t i g r a p h i c  u n i t  s t u d i e d  i n  t h i s  p r o j e c t .  T h e  s t r a t i g r a p h y  a n d  d e p o s i t i o n a l  
e n v i r o n m e n t  o f  t h e  g r o u p  w i l l  b e  d i s c u s s e d  i n  m o r e  d e t a i l .  
I n  1 8 8 7 ,  W i l k i n s o n  f i r s t  a p p l i e d  " N a r r a b e e n "  t o  a  r o c k  u n i t  i n  t h e  S y d n e y  B a s i n  
( H a n l o n  e t  a I . ,  1 9 5 3 ) .  A f t e r  t h e  p i o n e e r i n g  w o r k  o f  R a g g a t t  ( 1 9 3 8 ) ,  t h e  P e r m o -
T r i a s s i c  " N a r r a b e e n  B e d s "  o f  t h e  S y d n e y  B a s i n  w e r e  e v e n t u a l l y  d e f i n e d  a s  t h e  
N a r r a b e e n  G r o u p  b y  H a n l o n  e t  a l .  ( 1 9 5 3 ) .  
H i s t o r i c a l l y  t h e  N a r r a b e e n  G r o u p  w a s  c o n s i d e r e d  t o  b e  t h e  l o w e r m o s t  p a r t  o f  t h e  
T r i a s s i c  r o c k  u n i t s  i n  t h e  S y d n e y  B a s i n .  H o w e v e r ,  f u r t h e r  p a l y n o l o g i c a l  e v i d e n c e  
( B a l m e  a n d  H e l b y ,  1 9 7 3 )  s u g g e s t e d  t h a t  t h e  P e r m o - T r i a s s i c  b o u n d a r y  d o e s  n o t  
c o r r e l a t e  w i t h  t h e  b a s e  o f  t h e  N a r r a b e e n  G r o u p  b u t  l i e s  w i t h i n  t h e  f l u v i a l  s e d i m e n t s  
o f  t h e  N a r r a b e e n  G r o u p  ( L e .  i n  t h e  u p p e r  p a r t  o f  t h e  C a l e y  F o r m a t i o n ) .  T h e r e f o r e ,  
t h e  N a r r a b e e n  G r o u p  r a n g e s  i n  a g e  f r o m  L a t e  P e r m i a n  t o  E a r l y  T r i a s s i c .  T h e  
G r o u p  h a s  a  v a r i a b l e  t h i c k n e s s  i n  d i f f e r e n t  p a r t s  o f  t h e  b a s i n .  I t  v a r i e s  f r o m  9 0  m  o n  
t h e  b a s i n  e d g e ,  9 0  t o  5 1 0  m  o n  t h e  b a s i n  s l o p e ,  t o  5 1 0  t o  7 0 0  m  o n  t h e  b a s i n  f l o o r  
( M a y n e  e t  a I . ,  1 9 7 4 ) .  
T h e  f o r m a l  s t r a t i g r a p h i c  n o m e n c l a t u r e  f o r  t h e  N a r r a b e e n  G r o u p  w a s  d e s c r i b e d  b y  
H a n l o n  e t  a l .  ( 1 9 5 3 )  i n  c o a s t a l  r e g i o n s  a n d  b y  C r o o k  ( 1 9 5 6 )  i n  w e s t e r n  d i s t r i c t s .  
C r o o k ' s  n o m e n c l a t u r e  w a s  l a t e r  a p p l i e d  o v e r  a  w i d e  a r e a  f r o m  t h e  B u r r a g o r a n g  
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V a l l e y  ( H e l b y ,  1 9 6 1 )  t o  G l e n  D a v i e s  d i s t r i c t  ( G o l d b e r y ,  1 9 7 0 )  a n d  t h e  u p p e r  C o l o - S t  
A l b a n s  r e g i o n  ( G a l l o w a y ,  1 9 6 7 ) .  H o w e v e r ,  t h e  s u b d i v i s i o n  s c h e m e  f o r  t h e  g r o u p  
i n t r o d u c e d  b y  H a n l o n  e t  a l .  ( 1 9 5 3 )  w a s  m o d i f i e d  a s  a  r e s u l t  o f  f u r t h e r  s t u d i e s  b y  
S t u n t z  ( 1 9 6 1 ,  c i t e d  i n  W a r d ,  1 9 7 1  b )  a n d  B r a d l e y  ( 1 9 6 4 ,  c i t e d  i n  W a r d ,  1 9 7 1  b ) .  T h e  
h i s t o r y  o f  n o m e n c l a t u r e  m o d i f i c a t i o n  p r i o r  t o  1 9 7 0  h a s  b e e n  s u m m a r i s e d  b y  
H e r b e r t  ( 1 9 7 0 ) .  W a r d  ( 1 9 7 1  b )  g a v e  a  l i t h o l o g i c a l  c o r r e l a t i o n  o f  t h e  r o c k  u n i t s  o f  t h e  
N a r r a b e e n  G r o u p  ( F i g  1 - 4 ) .  
G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 )  p r o p o s e d  a  n e w  s u b d i v i s i o n  s c h e m e  f o r  t h e  
N a r r a b e e n  G r o u p .  B a s e d  o n  a l l  a v a i l a b l e  g e o p h y s i c a l  l o g  d a t a ,  p r i n c i p a l l y  g a m m a  
a n d  n e u t r o n  l o g s ,  t h e y  e s t a b l i s h e d  a  c o r r e l a t i o n  f r a m e w o r k  t h r o u g h o u t  t h e  w h o l e  
S y d n e y  B a s i n  a n d  s u b d i v i d e d  t h e  N a r r a b e e n  G r o u p  i n t o  f i v e  o p e r a t i o n a l  u n i t s ,  
w h i c h  w i l l  b e  d i s c u s s e d  i n  C h a p t e r  4 .  
F o l l o w i n g  t h e  s t u d y  o f  t h e  s e d i m e n t a t i o n  o f  t h e  N a r r a b e e n  G r o u p  b y  W a r d  ( 1 9 7 1  a ,  
1 9 7 2 ) ,  f u r t h e r  d e t a i l s  w e r e  d i s c u s s e d  b y  B e m b r i c k  ( 1 9 8 0 ) ,  C o n a g h a n  e t  a l .  ( 1 9 8 2 ) ,  
H a m i l t o n  e t  a l .  ( 1 9 8 7 )  a n d  G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 ) .  T h e  N a r r a b e e n  G r o u p  i s  
g e n e r a l l y  c o n s i d e r e d  t o  b e  d e r i v e d  f r o m  f l u v i a l  I  l a c u s t r i n e  d e p o s i t i o n a l  s y s t e m s .  A s  
d e p o s i t i o n  p r o c e e d e d ,  t h e  e n e r g y  o f  t h e  d e p o s i t i o n a l  s y s t e m  d e c l i n e d  ( W a r d ,  
1 9 7 2 ) .  T h e  f o l l o w i n g  g e n e r a l  d i s c u s s i o n  r e v i e w s  t h e  v i e w s  f r o m  t h e s e  a u t h o r s .  
( i )  C a l e y  F o r m a t i o n  a n d  W o m b a r r a  S h a l e  
T h e s e  t w o  s t r a t i g r a p h i c  u n i t s  c o n s i s t  l a r g e l y  o f  s h a l y  s e d i m e n t s .  T o  t h e  n o r t h  a n d  
n o r t h w e s t ,  t h e y  b e c o m e  i n t e r b e d d e d  w i t h  c o n g l o m e r a t i c  u n i t s ,  t h e  M u n m o r a h  
C o n g l o m e r a t e  i n  t h e  e a s t  a n d  t h e  W i d d i n  B r o o k  C o n g l o m e r a t e  i n  t h e  n o r t h w e s t  
( G o l d b e r y ,  1 9 7 0 ) .  P a l a e o c u r r e n t  d a t a  f r o m  t h e  o v e r l y i n g  G r o s e  S a n d s t o n e  i n  t h e  
w e s t e r n  d i s t r i c t  s h o w  t h a t  t h e  m e a n  d i r e c t i o n  o f  t h e  p a l a e o c u r r e n t  i s  1 5 5
0  
( W a r d ,  
1 9 7 2 ) .  T h e  l a t e r a l  r e l a t i o n s h i p  a n d  p a l a e o c u r r e n t  d a t a  l e d  W a r d  t o  t h e  c o n c l u s i o n  
t h a t  t h e  t w o  u n i t s  w e r e  d e p o s i t e d  a t  t h e  o u t w a s h  e n d  o f  a  s o u t h e a s t  f l o w i n g  a l l u v i a l  
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N O R T H  C O A S T  S O U T H  C O A S T  W E S T E R N  D I S T R I C T  
( B r a d l e y ,  1 9 6 4 )  
( l n c l .  C o l l a r o y - p a l m  b c h )  
( G o l d b e r y ,  1 9 6 6 )  
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F i g  1 - 4  R o c k  u n i t s  o f  t h e  N a r r a b e e n  G r o u p  s h o w i n g  l i t h o l o g i c a l  c o r r e l a t i o n .  
( A f t e r  W a r d ,  1 9 7 2 )  
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s y s t e m ,  w h i c h  a l s o  p r o d u c e d  t h e  M u n m o r a h  C o n g l o m e r a t e  i n  t h e  n o r t h .  T h e  b a s a l  
p a r t  o f  t h e  C a l e y  F o r m a t i o n  w a s  d e p o s i t e d  i n  a  l a c u s t r i n e  e n v i r o n m e n t  a n d  
r e p r e s e n t s  s w a m p y  f a c i e s  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ;  C h a p t e r  4 ) .  
( i i )  C o a l  C l i f f ,  S c a r b o r o u g h ,  B u l g o  a n d  G r o s e  S a n d s t o n e s  
T h e  C o a l  C l i f f ,  S c a r b o r o u g h ,  B u l g o  a n d  G r o s e  S a n d s t o n e s  a r e  t h e  s a n d y  u n i t s  o f  
t h e  N a r r a b e e n  G r o u p .  T h e y  a r e  f r o m  d i f f e r e n t  p a r t s  o f  t h e  b a s i n  a n d  a r e  o f  d i f f e r e n t  
a g e  ( F i g  1 - 4 ) .  D e s p i t e  t h e  d i f f e r e n c e s ,  t h e s e  s a n d y  u n i t s  h a v e  m a n y  
s e d i m e n t o l o g i c a l  f e a t u r e s  i n  c o m m o n  ( W a r d ,  1 9 7 2 ) .  W a r d  a s c r i b e d  t h e s e  
s a n d s t o n e s  t o  a  f l u v i a l  d e p o s i t i o n .  T h e  f l u v i a l  d e p o s i t i o n a l  s y s t e m  c h a n g e d  d u r i n g  
s e d i m e n t a t i o n .  T h e  C o a l  C l i f f ,  S c a r b o r o u g h  S a n d s t o n e s  a n d  t h e  l o w e r  p a r t  o f  t h e  
G r o s e  a n d  B u l g o  S a n d s t o n e s  w e r e  l a i d  d o w n  , i n  a  b r a i d e d  f l u v i a l  s y s t e m .  B y  
c o n t r a s t ,  t h e  u p p e r  p a r t s  o f  t h e  G r o s e  a n d  B u l g o  S a n d s t o n e s  r e p r e s e n t  t h e  p o i n t  
b a r  s e d i m e n t s  o f  a  m e a n d e r i n g  f l u v i a l  s y s t e m .  
I n  h i s  d i s c u s s i o n  o f  t h e  B l u e  M o u n t a i n s  g e o l o g y ,  B e m b r i c k  ( 1 9 8 0 )  i n c r e a s e d  t h e  
r a n k  o f  t h e  s t r a t i g r a p h y .  H e  d e f i n e d  t h e  G r o s e  u n i t s  a s  t h e  G r o s e  S u b - G r o u p  
i n s t e a d  o f  t h e  G r o s e  S a n d s t o n e .  T h u s  t h e  B a n k s  W a l l  S a n d s t o n e  M e m b e r  
b e c o m e s  t h e  B a n k s  W a l l  S a n d s t o n e .  B e m b r i c k  i n d i c a t e d  t h a t  m a r i n e  i n c u r s i o n s  
h a d  b e e n  f o u n d  i n  t h e  b a s a l  p a r t  o f  t h e  G r o s e  S u b - G r o u p  ( B u r r a - M o k o  H e a d  
S a n d s t o n e ) .  F o l l o w i n g  t h e  s u g g e s t i o n  o f  C o n o l l y  ( 1 9 6 9 )  t h a t  t h e  G r o s e  S u b - G r o u p  
w a s  d e p o s i t e d  i n  a  f l u v i a l  e n v i r o n m e n t ,  h e  p r o p o s e d  t h a t  m a r i n e  i n c u r s i o n s  s h o u l d  
b e c o m e  e v i d e n t  i n  t h e  l o w e r  d e l t a i c  p l a i n  e n v i r o n m e n t  f r o m  o u t c r o p s  i n  t h e  l o w e r  
B l u e  M o u n t a i n s  a n d  e a s t w a r d s .  
( i i i )  S t a n w e l l  P a r k  F o r m a t i o n  
T h e  S t a n w e l l  P a r k  F o r m a t i o n  c o n s i s t s  l a r g e l y  o f  r e d - b r o w n  a n d  g r e y - g r e e n  
l a m i n a t e d  c l a y s t o n e s  w i t h  m i n o r  f r i a b l e  c o n g l o m e r a t e s .  L i k e  t h e  C a l e y  F o r m a t i o n  
a n d  W o m b a r r a  S h a l e ,  i t  i s  a l s o  i n t e r b e d d e d  w i t h  c o n g l o m e r a t i c  s e d i m e n t s  t o  t h e  
n o r t h w e s t .  C o n o l l y  ( 1 9 6 9 )  i n d i c a t e d  t h a t  t h e  s h a l y  s e q u e n c e  m i g h t  r e p r e s e n t  a  
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m a r i n e  t r a n s g r e s s i o n  i n t o  t h e  b a s i n .  I n  c o n t r a s t ,  W a r d  ( 1 9 7 2 )  t h o u g h t  t h e  u n i t  w a s  
t h e  p r o d u c t  o f  a  s u b - a e r i a l  a c c u m u l a t i o n  d e r i v e d  f r o m  a  n e w l y  e x p o s e d  v o l c a n i c  
s o u r c e  e a s t  o f  p r e s e n t  c o a s t l i n e .  I t  r e p r e s e n t s  i n t e r - c h a n n e l  f l o o d p l a i n  I  l a c u s t r i n e  
f a c i e s  ( C h a p t e r  4 ) .  
( i v )  B u r r a l o w  F o r m a t i o n  
T h e  B u r r a l o w  F o r m a t i o n  i s  t h e  u p p e r m o s t  p a r t  o f  t h e  N a r r a b e e n  G r o u p  i n  t h e  B l u e  
M o u n t a i n s  a r e a .  I t  c o n s i s t s  l a r g e l y  o f  f i n e  g r a i n e d  m i c a c e o u s  s a n d s t o n e s  w h i c h  a r e  
q u a r t z o s e  a n d  q u a r t z - l i t h i c ,  w i t h  m i n o r  i n t e r b e d d e d  c l a y s t o n e s  a n d  s i l t s t o n e s .  T h e  
f o r m a t i o n  w a s  d e p o s i t e d  i n  a  f l u v i a l  t o  f l u v i a l - d e l t a i c  e n v i r o n m e n t  i n  t h e  B l u e  
M o u n t a i n s  ( B e m b r i c k ,  1 9 8 0 ) .  T o  t h e  e a s t  t h e  f o r m a t i o n  m e r g e s  p r o g r e s s i v e l y  w i t h  
t h e  N e w p o r t  F o r m a t i o n ,  w h i c h  w a s  d e p o s i t e d  i n  a  s h a l l o w  e s t u a r i n e  e n v i r o n m e n t  
( B u n n y  a n d  H e r b e r t ,  1 9 7 1 ) .  
( v )  G o s f o r d  F o r m a t i o n  
T h e  G o s f o r d  F o r m a t i o n ,  w h i c h  w a s  r e c e n t l y  n a m e d  a s  t h e  T e r r i g a l  F o r m a t i o n  b y  
M c D o n n e l l  ( 1 9 8 0 ) ,  i s  t h e  u p p e r m o s t  p a r t  o f  t h e  N a r r a b e e n  G r o u p  a l o n g  t h e  n o r t h  
c o a s t .  I t  i s  c o m p o s e d  o f  s a n d s t o n e s  a n d  s i l t s t o n e s .  M c D o n n e l l  ( 1 9 7 4 )  a s c r i b e d  t h e  
G o s f o r d  F o r m a t i o n  t o  d e p o s i t i o n  i n  a n  a l l u v i a l  i n c h a n n e l  a n d  f l o o d p l a i n  
e n v i r o n m e n t .  L a t e r  h e  d e v e l o p e d  t h i s  i n t e r p r e t a t i o n  a n d  d i v i d e d  t h e  f o r m a t i o n  i n t o  
s e v e n  f i n e  g r a i n e d  a n d  s i x  c o a r s e  g r a i n e d  s u b d i v i s i o n s .  I n  t h e  T e r r i g a l  a r e a ,  t h e  
G o s f o r d  F o r m a t i o n  i s  t h e  p r o d u c t  o f  a t  l e a s t  s i x  s t a g e s  o f  f l u v i a l  d e p o s i t i o n  
( M c D o n n e l l ,  1 9 8 0 ) .  
( v i )  B a l d  H i l l  C l a y s t o n e  
T h e  B a l d  H i l l  C l a y s t o n e  i s  t h e  m o s t  i m p o r t a n t  s t r a t i g r a p h i c  m a r k e r  i n  t h e  S y d n e y  
B a s i n .  I t  h a s  a  d i s t i n c t i v e  r e d - b r o w n  o r  c h o c o l a t e  c o l o u r .  T h e  W e n t w o r t h  F a l l s  
C l a y s t o n e  M e m b e r ,  w h i c h  i s  w i t h i n  t h e  B a n k s  W a l l  S a n d s t o n e  i n  t h e  B l u e  
M o u n t a i n s  a r e a ,  c o r r e l a t e s  w i t h  p a r t  o f  t h e  B a l d  H i l l  C l a y s t o n e  i n  t h e  s o u t h e r n  a n d  
c e n t r a l  a r e a s  o f  t h e  b a s i n  ( G o l d b e r y  a n d  H o l l a n d ,  1 9 7 3 ) .  T o  t h e  n o r t h ,  t h e  B a l d  H i l l  
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C l a y s t o n e  i n t e r f i n g e r s  w i t h  t h e  G o s f o r d  F o r m a t i o n .  H o w e v e r ,  t h e  d i s t i n c t i v e  
c h o c o l a t e  b e d s  d i s a p p e a r  f r o m  t h e  s e q u e n c e  c o m p l e t e l y .  T h e  B a l d  H i l l  C l a y s t o n e  
h a s  a  u n i q u e  m i n e r a l o g y  ( L o u g h n a n ,  1 9 6 3 ) .  I t  c o n s i s t s  a l m o s t  e n t i r e l y  o f  h a e m a t i t e  
( l o c a l l y  s i d e  r i t e )  a n d  w e l l - o r d e r e d  k a o l i n i t e .  Q u a r t z  a n d  a n y  u n s t a b l e  m i n e r a l s  s u c h  
a s  f e l d s p a r  a n d  m i c a  a r e  v i r t u a l l y  a b s e n t .  
T h e  o r i g i n  o f  t h e  c h o c o l a t e  b e d s  w i t h i n  t h e  B a l d  H i l l  C l a y s t o n e  a n d  t h e  W e n t w o r t h  
F a l l s  C l a y s t o n e  M e m b e r  i s  h i g h l y  c o n t r o v e r s i a l  ( G o l d b e r y  a n d  H o l l a n d ,  1 9 7 3 ) .  T w o  
d i f f e r e n t  i n t e r p r e t a t i o n s  h a v e  b e e n  p r o p o s e d  f o r  t h e  o r i g i n  o f  h a e m a t i t e  i n  t h e  r e d  
b e d s .  O n e  i s  t h a t  t h e  h a e m a t i t e  i s  p r o d u c e d  b y  l a t e r i z a t i o n  a n d  t h e n  t r a n s p o r t e d  t o  
a n  o x i d i s i n g  e n v i r o n m e n t  t o  b e  d e p o s i t e d .  T h e  o t h e r  i s  t h a t  h a e m a t i t e  r e s u l t s  f r o m  
i n  s i t u  d i a g e n e t i c  b r e a k d o w n  o f  i r o n - r i c h  m i n e r a l s .  B o t h  m o d e s  o f  o r i g i n  r e q u i r e  a  
c o m b i n a t i o n  o f  p a r t i c u l a r  c l i m a t i c  c o n d i t i o n s ,  s o u r c e  m a t e r i a l s  a n d  o x i d i s i n g  
e n v i r o n m e n t .  
B a s e d  o n  t h e  s i n g l e  c l a y  m i n e r a l o g y ,  h i g h  c o n c e n t r a t i o n  o f  h a e m a t i t e ,  a n d  r e l a t i v e  
a b s e n c e  o f  q u a r t z ,  L o u g h n a n  e t  a l .  ( 1 9 6 4 )  p o s t u l a t e d  t h a t  t h e  B a l d  H i l l  C l a y s t o n e  
r e s u l t e d  f r o m  l a t e r i t i c  w e a t h e r i n g  o f  a  b a s i c  t o  i n t e r m e d i a t e  v o l c a n i c  s o u r c e .  T h i s  
i n t e r p r e t a t i o n  w a s  l a t e r  f o l l o w e d  a n d  d e v e l o p e d  b y  W a r d  ( 1 9 7 2 )  a n d  G o l d b e r y  a n d  
H o l l a n d  ( 1 9 7 3 ) .  H o w e v e r ,  w i t h  r e g a r d  t o  t h e  s o u r c e  a r e a ,  d i f f e r e n c e s  a p p e a r e d  
b e t w e e n  t h e m .  W a r d  t h o u g h t  t h a t  t h e  B a l d  H i l l  C l a y s t o n e  w a s  d e r i v e d  f r o m  t h e  
s a m e  e x p o s e d  v o l c a n i c  s o u r c e  t o  t h e  e a s t  o f  t h e  p r e s e n t  c o a s t l i n e  a s  t h e  S t a n w e l l  
P a r k  C l a y s t o n e .  I t  p e r h a p s  r e p r e s e n t s  a  t e r r e s t r i a l  a c c u m u l a t i o n  w h i c h  o c c u r r e d  o n  
t h e  f l a n k  o f  t h e  d e l t a ,  i n  a n  a r e a  f r e e  o f  o t h e r  c l a s t i c  i n f l u x .  G o l d b e r y  a n d  H o l l a n d  
( 1 9 7 3 )  a s c r i b e d  t h e  B a l d  H i l l  C l a y s t o n e  t o  a  n e w l y  d e v e l o p e d  n o r t h e r l y  d r a i n a g e  
s y s t e m  a n d  w a s  d e r i v e d  f r o m  a  s o u t h e r n  s o u r c e  a n d  d e p o s i t e d  i n  a  p i e d m o n t  
e n v i r o n m e n t .  T h e y  a l s o  s u g g e s t e d  t h a t  c h o c o l a t e  b e d s  i n  t h e  B l u e  M o u n t a i n s  a r e a  
w e r e  d e r i v e d  f r o m  w e s t e r n  a n d  s o u t h e r n  s o u r c e s  a n d  d e p o s i t e d  i n  a  f l o o d  p l a i n  
e n v i r o n m e n t .  T h e  s o u r c e  f o r  t h e  B a l d  H i l l  C l a y s t o n e  a t  L o n g  R e e f  n o r t h  o f  S y d n e y  
w a s  u n c e r t a i n  ( G o l d b e r y  a n d  H o l l a n d ,  1 9 7 3 ) .  H o w e v e r ,  t h e y  s u g g e s t e d  t h a t  t h e  
2 1  
s e d i m e n t s  m i g h t  a l s o  c o m e  f r o m  t h e  s o u t h e r n  s o u r c e .  
( v i i )  G a r i e  a n d  N e w p o r t  F o r m a t i o n s  
T h e  G a r i e  F o r m a t i o n ,  f o r m e r l y  k n o w n  a s  G a r i e  M e m b e r ,  h a s  a  m i n e r a l o g y  s i m i l a r  t o  
t h a t  o f  t h e  u n d e r l y i n g  B a l d  H i l l  C l a y s t o n e  e x c e p t  t h a t  t h e  i r o n - b e a r i n g  m i n e r a l  i s  
s i d e  r i t e  i n s t e a d  o f  h a e m a t i t e .  I t  i s  c o m p o s e d  o f  s i d e r i t i c  f l i n t  o r  k a o l i n i t e  c l a y s t o n e  
a n d  a l s o  c o n t a i n s  a b u n d a n t  p i s o l i t i c  a n d  b r e c c i a t e d  c l a s t s .  T h e  f o r m a t i o n  
c o r r e l a t e s  w i t h  t h e  f l i n t  c l a y s  w h i c h  l i e  a b o u t  9  m  a b o v e  t h e  W e n t w o r t h  F a l l s  
C l a y s t o n e  M e m b e r  o f  t h e  B a n k s  W a l l  S a n d s t o n e  ( G o l d b e r y  a n d  H o l l a n d ,  1 9 7 3 ) .  
T h e  o r i g i n  o f  t h e  G a r i e  F o r m a t i o n  w a s  d i s c u s s e d  b y  L o u g h n a n  ( 1 9 6 2 ,  1 9 7 0 )  a n d  
G o l d b e r y  a n d  H o l l a n d  ( 1 9 7 3 ) .  L o u g h n a n  t h o u g h t  t h e  f o r m a t i o n  w a s  p r o d u c e d  b y  
s i l i c i f i c a t i o n  o f  t r a n s p o r t e d  b a u x i t i c  m i n e r a l s ,  w h i c h  w e r e  l a i d  d o w n  i n  r e d u c i n g  l o w -
l y i n g  v e g e t a t e d  s w a m p s .  T h i s  i n t e r p r e t a t i o n  w a s  l a t e r  m o d i f i e d  b y  G o l d b e r y  a n d  
H o l l a n d .  T h e y  a s c r i b e d  t h e  f o r m a t i o n  t o  t h e  r a p i d  d e p o s i t i o n  o f  b a u x i t i c  m a t e r i a l s  
o n  t h e  f l a n k s  o f  e x p o s e d  b a u x i t i z e d  a r e a  o n  t h e  e a s t e r n  a n d  s o u t h e r n  m a r g i n s  o f  
t h e  b a s i n .  
I n  t h e  G a r i e  F o r m a t i o n ,  B u n n y  a n d  H e r b e r t  ( 1 9 7 1 )  r e c o g n i s e d  t h e  p r e s e n c e  o f  r o o t  
r e m a i n s  i n  l e a c h e d  s h a l e s ,  w h i c h  l e d  t h e m  t o  t h e  c o n c l u s i o n  t h a t  a  d e p o s i t i o n a l  
b r e a k  e x i s t e d  a t  t h e  t o p  o f  t h e  B a l d  H i l l  C l a y s t o n e .  T h i s  w a s  s u p p o r t e d  b y  G o l d b e r y  
a n d  H o l l a n d  ( 1 9 7 3 ) .  T h e y  t h o u g h t  t h a t  t h e  d e p o s i t i o n a l  b r e a k  w a s  c o n s i s t e n t  w i t h  
t h e  f i n a l  b a u x i t i z a t i o n  i n t r o d u c e d  b y  t h e m  i n  t h e i r  d i s c u s s i o n  o f  t h e  G a r i e  F o r m a t i o n .  
T h e  N e w p o r t  F o r m a t i o n  o v e r l i e s  t h e  G a r i e  F o r m a t i o n .  I t  c o n s i s t s  o f  s h a l y  s e d i m e n t s  
i n  t h e  l o w e r  p a r t  a n d  s a n d y  s e d i m e n t s  i n  t h e  u p p e r  p a r t .  T h e  l o w e r  p a r t  w a s  
d e p o s i t e d  i n  a  c o m b i n e d  d e l t a i c ,  i n t e r d i s t r i b u t a r y  b a y  a n d  s u b - a e r i a l  l e v e e  
e n v i r o n m e n t  a n d  t h e  u p p e r  p a r t  i n  a  f l u v i a l  e n v i r o n m e n t  ( B u n n y  a n d  H e r b e r t ,  
1 9 7 1 ) .  T h e  u p p e r  p a r t  c o n t a i n s  a  n u m b e r  o f  p o i n t  b a r  o r  f i n i n g  u p w a r d s  s e q u e n c e s .  
B y  c o n s i d e r i n g  t h e  p e r s i s t e n c e  o f  b e d s  a n d  l a m i n a t i o n s ,  W a r d  ( 1 9 7 2 )  s u g g e s t e d  
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t h a t  m a n y  b e d s  w i t h i n  t h e  N e w p o r t  F o r m a t i o n  r e p r e s e n t e d  d i s t r i b u t a r y  m o u t h  b a r  
d e p o s i t s ,  o r  t h e  p r o d u c t  o f  a  s i m i l a r  e n v i r o n m e n t  w h i c h  i n v o l v e d  w i d e ,  b u t  s h a l l o w  
w a t e r  u n d e r  m i l d  c u r r e n t  a c t i v i t y .  
1 . 2 . 1 1  H A W K E S B U R Y  S A N D S T O N E  
T h e  H a w k e s b u r y  S a n d s t o n e  h a s  a n  e x t e n s i v e  e x p o s u r e .  I t  d o m i n a t e s  t h e  
l a n d s c a p e  w i t h i n  1 0 0  k m  o f  S y d n e y  a n d  h a s  a  m a x i m u m  t h i c k n e s s  o f  2 5 0  m  
( C o n a g h a n ,  1 9 8 0 ) .  T h e  s t r a t i g r a p h i c  u n i t  c o n s i s t s  o f  q u a r t z o s e  s a n d s t o n e s  w i t h  
m i n o r  t h i n - l a y e r e d  c l a y s t o n e s  a n d  s i l t s t o n e s .  I t  w a s  d e p o s i t e d  i n  a  b r a i d e d  f l u v i a l  
d e p o s i t i o n a l  s y s t e m ,  w h i c h  l e d  t o  t h e  p a u c i t y  o f  c l a y s t o n e s  a n d  s i l t s t o n e s  w i t h i n  t h e  
u n i t  ( C o n a g h a n  a n d  J o n e s ,  1 9 7 5 ;  C o n a g h a n ,  1 9 8 0 ) .  
1 . 2 . 1 2  M I T T A G O N G  F O R M A T I O N  
T h e  M i t t a g o n g  F o r m a t i o n ,  p r e v i o u s l y  k n o w n  a s  t h e  " P a s s a g e  B e d s ·  ( L o v e r i n g ,  
1 9 5 4 ) ,  w a s  i n c l u d e d  w i t h i n  t h e  b a s e  o f  t h e  W i a n a m a t t a  G r o u p  b y  B r y a n  e t  a l .  
( 1 9 6 7 ) ,  a n d  L o v e r i n g  a n d  M c E l r o y  ( 1 9 6 9 ) .  H o w e v e r ,  H e r b e r t  ( 1 9 8 0 c )  s h o w e d  t h a t  
t h e  f o r m a t i o n  w a s  r e l a t e d  g e n e t i c a l l y  t o  t h e  u n d e r l y i n g  H a w k e s b u r y  S a n d s t o n e  
r a t h e r  t h a n  t h e  o v e r l y i n g  A s h f i e l d  S h a l e .  T h u s  h e  a g r e e d  w i t h  L o v e r i n g  ( 1 9 5 4 )  a n d  
e x c l u d e d  t h e  M i t t a g o n g  F o r m a t i o n  f r o m  t h e  W i a n a m a t t a  G r o u p .  
T h e  M i t t a g o n g  F o r m a t i o n  c o n s i s t s  o f  f i n e  t o  m e d i u m  g r a i n e d  q u a r t z o s e  s a n d s t o n e s  
i d e n t i c a l  t o  t h e  u n d e r l y i n g  H a w k e s b u r y  S a n d s t o n e  i n  t e r m s  o f  m i n e r a l  c o m p o s i t i o n .  
I t  h a s  a  t h i c k n e s s  o f  1 5  m  a t  i t s  t y p e  s e c t i o n  i n  G i b  T u n n e l ,  b u t  i s  u s u a l l y  l e s s  t h a n  
1 0  m .  I n  s o m e  a r e a s ,  i t  i s  a b s e n t  ( H e r b e r t ,  1 9 8 0 c ) .  A c c o r d i n g  t o  H e r b e r t ,  t h e  
M i t t a g o n g  F o r m a t i o n  r e p r e s e n t s  a n  o v e r b a n k  c o m p l e x  o f  l e v e e ,  a b a n d o n e d  
c h a n n e l ,  a n d  s w a m p  s e d i m e n t s .  I t  i s  a c t u a l l y  t h e  p r e s e r v e d  f l o o d p l a i n  s e d i m e n t s  o f  
t h e  p a l a e o - H a w k e s b u r y  S a n d s t o n e  r i v e r .  
1 . 2 . 1 3  W I A N A M A T T A  G R O U P  
T h e  W i a n a m a t t a  G r o u p  i s  t h e  u p p e r m o s t  p a r t  o f  t h e  P e r m o - T r i a s s i c  s e q u e n c e  i n  
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t h e  S y d n e y  B a s i n .  I t  c o n s i s t s  l a r g e l y  o f  s h a l e s  w i t h  m i n o r  s a n d s t o n e s .  I t  r e a c h e s  a  
t h i c k n e s s  o f  3 0 4  m  a t  R a z o r b a c k  R a n g e  ( r e c o r d e d  i n  t h e  O M  R a z o r b a c k  D O H  1  
b o r e h o l e ,  H e r b e r t ,  1 9 7 6 ,  c i t e d  i n  H e r b e r t ,  1 9 8 0 c ) .  
T h e  g r o u p  w a s  d i v i d e d  i n t o  t h r e e  s u b d i v i s i o n s  b y  H e r b e r t  ( 1 9 8 0 c ) .  F r o m  b o t t o m  t o  
t o p  t h e y  a r e  t h e  A s h f i e l d  S h a l e ,  t h e  M i n c h i n b u r y  S a n d s t o n e ,  a n d  t h e  B r i n g e l l y  
S h a l e .  T h e  W i a n a m a t t a  G r o u p  e x p e r i e n c e d  a  s i n g l e  r e g r e s s i v e  e p i s o d e  a f t e r  t h e  
i n u n d a t i o n  o f  t h e  H a w k e s b u r y  S a n d s t o n e  - M i t t a g o n g  F o r m a t i o n  a l l u v i a l  p l a i n .  T h e  
r e g r e s s i o n  r e s u l t e d  i n  t h e  d e p o s i t i o n  o f  t h e  W i a n a m a t t a  G r o u p  w h i c h  g r a d e d  
u p w a r d s  f r o m  l a c u s t r i n e  t o  b r a c k i s h  o r  s h a l l o w  m a r i n e  d e p o s i t s  a t  t h e  b a s e ,  
t h r o u g h  a  s h o r e l i n e  s a n d ,  a n d  f i n a l l y  i n t o  a l l u v i a l  s e d i m e n t s  a t  t h e  t o p  ( H e r b e r t ,  
1 9 8 0 c ) .  
1 . 3  P E P O S I T I O N A L  H I S T O R Y  S U M M A R Y  
T h e  d e p o s i t i o n a l  d e v e l o p m e n t  o f  t h e  S y d n e y  B a s i n  h a s  b e e n  c o m p r e h e n s i v e l y  
d i s c u s s e d  b y  H e r b e r t  ( 1 9 8 0 a ) .  T h e  f o l l o w i n g  g e n e r a l  d i s c u s s i o n  i s  r e q u i r e d  t o  g i v e  
t h e  s e t t i n g  f o r  t h e  c o r e  s a m p l e s  a n a l y s e d  i n  t h i s  t h e s i s .  
S e d i m e n t a t i o n  i n  t h e  S y d n e y  B a s i n  w a s  b o t h  i n i t i a t e d  a n d  c o n t r o l l e d  b y  t e c t o n i s m  
a n d  c a n  t h u s  b e  d i s c u s s e d  w i t h i n  a  t e c t o n i c  f r a m e w o r k  ( H e r b e r t ,  1 9 8 0 a ) .  D u r i n g  i t s  
d e v e l o p m e n t ,  t h e  S y d n e y  B a s i n  e x p e r i e n c e d  f o u r  t e c t o n i c  s t a g e s .  T h e y  a r e  t h e  
L a t e  C a r b o n i f e r o u s  C u r r a b u b u l a  T e c t o n i c  S t a g e ,  t h e  E a r l y  P e r m i a n  H u n t e r  
T e c t o n i c  S t a g e ,  t h e  L a t e  P e r m i a n  B o w e n  T e c t o n i c  S t a g e ,  a n d  t h e  E a r l y  t o  M i d d l e  
T r i a s s i c  H a w k e s b u r y  T e c t o n i c  S t a g e  ( F i g  1 - 3 ) .  
D u r i n g  t h e  C u r r a b u b u l a  T e c t o n i c  S t a g e ,  t h e  S y d n e y  B a s i n  d i d  n o t  y e t  e x i s t  a s  a  
s t r u c t u r a l  e n t i t y .  T h e  i n c i p i e n t  S y d n e y  B a s i n  ( t h e  e a s t e r n  p a r t  o f  t h e  L a c h l a n  F o l d  
B e l t )  e x p e r i e n c e d  f l u v i a l - g l a c i a l  c o n g l o m e r a t e  s e d i m e n t a t i o n  ( T a l a t e r a n g  G r o u p  
a n d  c o r r e l a t i v e s ) .  T h e s e  c o n g l o m e r a t e s  a r e  r e s t r i c t e d  t o  v a l l e y s  s u r r o u n d e d  b y  
h i g h l a n d s  o f  m o d e r a t e  e l e v a t i o n .  
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U p  t o  t h e  b e g i n n i n g  o f  E a r l y  P e r m i a n  t i m e s ,  t h e  N e w  E n g l a n d  F o l d  B e l t  a n d  t h e  
e a s t e r n  m a r g i n  o f  t h e  L a c h l a n  F o l d  B e l t  s l o w l y  s u b s i d e d  s o  t h a t  a  b r o a d  c o n t i n e n t a l  
s h e l f  w a s  c r e a t e d .  D u r i n g  t h e  H u n t e r  T e c t o n i c  S t a g e ,  t h e  l o w e r  S h o a l h a v e n ,  t h e  
D a l w o o d  a n d  t h e  l o w e r  M a i t l a n d  G r o u p s  w e r e  d e p o s i t e d  o n  t h e  i n n e r  c o n t i n e n t a l  
s h e l f  d u r i n g  e x t e n s i v e  m a r i n e  t r a n s g r e s s i o n s .  I n c i p i e n t  o r o g e n i c  m o v e m e n t ,  w h i c h  
o c c u r r e d  w i t h i n  t h e  N e w  E n g l a n d  F o l d  B e l t ,  i n t e r r u p t e d  t h e  s h e l f  s e d i m e n t a t i o n  a n d  
r e s u l t e d  i n  t h e  d e p o s i t i o n  o f  t h e  G r e t a  C o a l  M e a s u r e s  w i t h  a  w e d g e  s h a p e  i n  t h e  
n o r t h e r n  p a r t  o f  t h e  d e v e l o p i n g  S y d n e y  B a s i n .  T h e  d e p o s i t i o n  o f  t h e  o v e r l y i n g  
B r a n x t o n  F o r m a t i o n  a n d  t h e  M u r e e  S a n d s t o n e s  a n d  t h e i r  c o r r e l a t i v e s  a l s o  t o o k  
p l a c e  d u r i n g  t h i s  t e c t o n i c  s t a g e .  
M i d - P e r m i a n  d i a s t r o p h i s m  ( L e i t c h ,  1 9 7 4 )  l e d  t o  t h e  d e v e l o p m e n t  o f  t h e  H u n t e r -
M o o k i  T h r u s t  S y s t e m ,  w h i c h  i s  d e f i n e d  a s  t h e  n o r t h e a s t e r n  b o u n d a r y  o f  t h e  p r e s e n t  
d a y  S y d n e y - G u n n e d a h  B a s i n .  A t  t h i s  t i m e ,  t h e  S y d n e y  B a s i n  b e g a n  t o  t a k e  s h a p e  
a n d  p e r s i s t e d  a s  a  s t r u c t u r a l  e n t i t y  u n t i l  t h e  e n d  o f  t h e  M i d d l e  T r i a s s i c  t i m e .  
T h e  m i d - P e r m i a n  d i a s t r o p h i s m  ( H u n t e r  O r o g e n y )  r e s u l t e d  i n  t h e  u p l i f t  o f  t h e  N e w  
E n g l a n d  F o l d  B e l t  a n d  t h e  r a p i d  s u b s i d e n c e  o f  t h e  a d j a c e n t  S y d n e y  B a s i n .  T h u s  i n  
t e r m s  o f  p l a t e  t e c t o n i c s ,  t h e  S y d n e y  b a s i n  i s  a  f o r e l a n d  b a s i n .  D u r i n g  t h e  B o w e n  
T e c t o n i c  S t a g e ,  m o s t  s e d i m e n t s  w e r e  d e r i v e d  f r o m  t h e  u p l i f t e d  N e w  E n g l a n d  F o l d  
B e l t  a n d  m i n o r ,  i n t e r m i t t e n t  s e d i m e n t  i n p u t s  f r o m  t h e  s o u t h w e s t e r n  m a r g i n .  T h e s e  
s e d i m e n t s  ( S i n g l e t o n  C o a l  M e a s u r e s ,  t h e i r  c o r r e l a t i v e s  - l I I a w a r r a  C o a l  M e a s u r e s  
a n d  B u d g o n g  S a n d s t o n e )  w e r e  d e p o s i t e d  i n  a  n e w l y  f o r m e d  f o r e d e e p  ( t h e  S y d n e y  
B a s i n )  d u r i n g  t h r e e  m a j o r  r e g r e s s i v e  d e p o s i t i o n a l  e p i s o d e s :  L o w e r ,  U p p e r  T o m a g o  
D e p o s i t i o n a l  E p i s o d e s ,  a n d  N e w c a s t l e  D e p o s i t i o n a l  E p i s o d e .  T e r r e s t r i a l  s e d i m e n t s  
o f  t h i s  t e c t o n i c  s t a g e  c o n t a i n  t h e  m o s t  i m p o r t a n t  c o a l s  i n  t h e  S y d n e y  B a s i n .  T h e y  
a r e  n a m e d  i n  d i f f e r e n t  a r e a s  a s  t h e  I l I a w a r r a ,  N e w c a s t l e  I  T o m a g o  C o a l  M e a s u r e s .  
A l l  t h r e e  r e g r e s s i v e  d e p o s i t i o n a l  e p i s o d e s  a r e  c h a r a c t e r i s e d  b y  r e p e a t e d  
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p r o g r a d a t i o n  o f  d e p o s i t i o n a l  e n v i r o n m e n t s .  C l o s e  t o  t h e  n o r t h e a s t e r n  s o u r c e  a r e a ,  
c o a r s e  c o n g l o m e r a t e s  w e r e  d e p o s i t e d  i n  a l l u v i a l  f a n  a n d  a l l u v i a l  p l a i n  
e n v i r o n m e n t s .  T o  t h e  s o u t h w e s t ,  f i n e r  s a n d s t o n e s ,  s i l t s t o n e s  a n d  s h a l e s  w e r e  l a i d  
d o w n  i n  d e l t a i c ,  m a r i n e  d e l t a i c  f r o n t ,  a n d  p r o d e l t a  e n v i r o n m e n t s .  P e a t  s w a m p s  
f o r m e d  i n  a l l  t h e  m a j o r  t e r r e s t r i a l  e n v i r o n m e n t s .  
D u r i n g  t h e  H a w k e s b u r y  T e c t o n i c  S t a g e ,  f o u r  m a j o r  l i t h o l o g i c a l  s t r a t i g r a p h i c  u n i t s  
w e r e  d e p o s i t e d .  T h e y  a r e  t h e  N a r r a b e e n  G r o u p ,  t h e  H a w k e s b u r y  S a n d s t o n e ,  t h e  
M i t t a g o n g  F o r m a t i o n ,  a n d  t h e  W i a n a m a t t a  G r o u p .  I t  i s  g e n e r a l l y  c o n s i d e r e d  t h a t  
t h e s e  u n i t s  w e r e  d e p o s i t e d  i n  a  f l u v i a l - d e l t a i c  s y s t e m .  A t  d i f f e r e n t  t i m e s ,  t h e  N e w  
E n g l a n d  F o l d  B e l t  a n d  t h e  L a c h l a n  F o l d  B e l t  a c t e d  a s  t h e  m a j o r  s o u r c e  w h i c h  
s u p p l i e d  s e d i m e n t s  t o  t h e  b a s i n .  D e p o s i t i o n  c e a s e d  a t  t h e  e n d  o f  M i d d l e  T r i a s s i c .  
A f t e r  a  L a t e  T r i a s s i c  d e p o s i t i o n a l  h i a t u s ,  L o w e r  J u r a s s i c  s e d i m e n t s  w i t h  a n  
u n k n o w n  t h i c k n e s s  w e r e  d e p o s i t e d  u n c o n f o r m a b l y  o v e r  t h e  M i d d l e  T r i a s s i c  
s e d i m e n t s  o f  t h e  S y d n e y  B a s i n .  A c c o r d i n g  t o  H e r b e r t  ( 1 9 8 0 a ) ,  t h e s e  s e d i m e n t s  a r e  
m o r e  l i k e l y  t o  b e  r e l a t e d  t o  t h e  d e v e l o p m e n t s  o f  t h e  G r e a t  A u s t r a l i a n  B a s i n  t h a n  t o  
t h e  t e c t o n i c a l l y  e x t i n c t  S y d n e y  B a s i n .  
1 , 4  S T R U C T U R E  
T h e  s t r u c t u r a l  s u b d i v i s i o n  o f  t h e  S y d n e y  B a s i n  w a s  d i s c u s s e d  f i r s t  b y  B e m b r i c k  e t  
a l .  ( 1 9 7 3 ) .  T h i s  d i s c u s s i o n  w a s  l a t e r  s u m m a r i s e d  b y  B e m b r i c k  a n d  L o n e r g a n  
( 1 9 7 6 )  a n d  B e m b r i c k  e t  a l .  ( 1 9 8 0 )  .  T h e  f o l l o w i n g  d i s c u s s i o n  i s  l a r g e l y  b a s e d  o n  
t h e  t h r e e  p a p e r s  b y  t h e s e  a u t h o r s .  
T h e  S y d n e y  B a s i n ,  w h i c h  i s  t h e  s o u t h e r n  p a r t  o f  t h e  S y d n e y - B o w e n  B a s i n ,  c a n  b e  
f u r t h e r  d i v i d e d  i n t o  l o w e r  c a t e g o r y  s t r u c t u r a l  u n i t s .  T h e y  i n c l u d e  s i x  p l a t e a u s ,  o n e  
b e l t  o f  f o l d s  a n d  o n e  s e c o n d a r y  c a t e g o r y  b a s i n  ( F i g  1 - 5 ) .  
T h e  H u n t e r  V a l l e y  D o m e  B e l t  ( " D o m e  B e l t "  o f  V o i s e y ,  1 9 5 9 ) ,  l i e s  i n  t h e  m o s t  
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( A f t e r  B e m b r i c k  a n d  L o n e r g a n .  1 9 7 6 )  
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n o r t h e a s t e r n  p a r t  o f  t h e  b a s i n .  I t  i s  b o u n d e d  b y  t h e  H u n t e r  T h r u s t  t o  t h e  n o r t h e a s t ,  
a n d  b y  a  l e s s  d i s t i n c t i v e  b a s e m e n t  f a u l t  - p o s s i b l y  a  t h r u s t  - t o  t h e  s o u t h w e s t  ( F i g  1 -
5 ) .  T h e  b a s e m e n t  f a u l t  i s  p a r a l l e l  t o  t h e  e s c a r p m e n t  o f  T r i a s s i c  r o c k s ,  w h i c h  f o r m s  
t h e  s o u t h e r n  s i d e  o f  t h e  H u n t e r  V a l l e y .  T h e  d o m e  b e l t  i s  c h a r a c t e r i s e d  b y  a  s e r i e s  o f  
a p p r o x i m a t e l y  n o r t h - t r e n d i n g  f o l d s  o f  v a r y i n g  a m p l i t u d e s ,  o f  w h i c h  t h e  L o c h i n v a r  
A n t i c l i n e  a n d  t h e  M u s w e l l b r o o k  A n t i c l i n e  a r e  t h e  m o s t  p r o m i n e n t .  T w o  d i s t i n c t i v e  
s e t s  o f  f a u l t s  e x i s t  i n  t h e  d o m e  b e l t .  T h e  f i r s t  s e t  o f  f a u l t s  a r e  p a r a l l e l  t o  t h e  H u n t e r  
T h r u s t  S y s t e m .  T h e  o t h e r  s e t  o f  f a u l t s  t r e n d  n o r t h - s o u t h  a n d  a r e  a s s o c i a t e d  w i t h  
f o l d i n g .  T h e y  a r e  p r e d o m i n a n t l y  n o r m a l  f a u l t s  w i t h  d i s p l a c e m e n t  o f  u p  t o  3 0 0  m  
( M a y n e  e t  a I . ,  1 9 7 4 ) .  
T h e  B l u e  M o u n t a i n s  P l a t e a u  l i e s  i n  t h e  w e s t e r n  p a r t  o f  t h e  S y d n e y  B a s i n .  I t  i s  
b o u n d e d  t o  t h e  n o r t h  b y  t h e  M o u n t  C o r i c u d g y  A n t i c l i n e  a n d  t h e  b a s e m e n t  f a u l t  
m e n t i o n e d  a b o v e .  T o  t h e  e a s t  t h e  L a p s t o n e  M o n o c l i n e - N e p e a n  F a u l t  c o m p l e x  
f o r m s  t h e  b o u n d a r y .  T h e  w e s t e r n  b o u n d a r y  i s  a  r e g i o n a l  u n c o n f o r m i t y  a l o n g  t h e  
e d g e  o f  t h e  S y d n e y  B a s i n .  T o  t h e  s o u t h ,  t h e  p l a t e a u  m e r g e s  w i t h  t h e  l I I a w a r r a  
P l a t e a u .  
T h e  I I l a w a r r a  P l a t e a u  l i e s  s o u t h  o f  t h e  B l u e  M o u n t a i n s  P l a t e a u .  I t  i s  b o u n d e d  t o  t h e  
n o r t h e a s t  b y  t h e  N e p e a n  F a u l t  a n d  a s s o c i a t e d  m i n o r  f a u l t s ,  a n d  t h e n  b y  t h e  
N e p e a n  M o n o c l i n e  a n d  i t s  p r o i e c t i o n  t o  t h e  c o a s t  s o u t h  0 1  W o l l o n g o n g  t F i g  1 - 5 ) . 1 0  
t h e  s o u t h ,  a  b a s e m e n t  l o w ,  w h i c h  i s  a  C a r b o n i f e r o u s  t o  E a r l y  P e r m i a n  r i v e r  
c h a n n e l ,  i s  t a k e n  a s  t h e  b o u n d a r y  w i t h  t h e  S a s a f r a s  P l a t e a u .  T o  t h e  w e s t ,  t h e  
p l a t e a u  i s  b o u n d e d  b y  a  r e g i o n a l  u n c o n l o r m i t y  a l o n g  t h e  e d g e  0 1  t h e  S y d n e y  
B a s i n .  
T h e  S a s s a f r a s  P l a t e a u  l i e s  s o u t h  o f  t h e  I l I a w a r r a  P l a t e a u  a n d  i s  a l s o  d e l i n e a t e d  o n  
t h e  w e s t  b y  t h e  r e g i o n a l  u n c o n f o r m i t y .  T o  t h e  s o u t h ,  i t  i s  s e p a r a t e d  f r o m  t h e  B o y n e  
M o u n t  P l a t e a u  b y  t h e  e a s t - w e s t  o r i e n t e d  T a l a t e r a n g  L o w  ( M c E l r o y  a n d  R o s e ,  
1 9 6 2 ) ,  i n  w h i c h  s u d d e n  t h i c k e n i n g  o f  P e r m i a n  s e d i m e n t s  h a s  b e e n  o b s e r v e d  ( F i g  
28 
1-5). The thick sequence indicates the existence of some sort of basement 
discontinuity. The presence of the Milton Monzonite along the Talaterang Low 
further supports this idea. 
The Boyne Mount Plateau lies immediately south of the Sassafras Plateau. It is the 
southern most structural subdivision of the Sydney Basin. The regional 
unconformity forms its southwestern boundary (Fig 1-5). 
The Hornsby Plateau lies south of the Hunter Valley Dome Belt and east of the Blue 
Mountains Plateau (Fig 1-5). To the south, it is separated from the Cumberland 
Basin by the Hornsby Warp. Large scale low amplitude, north-north-easterly 
trending folds are present over most of the plateau. 
The Woronora Plateau lies northeast of the IlIawarra Plateau. To the north, it is 
separated from the Cumberland Basin by the South Coast Warp. The boundary 
with the lIIawarra Plateau is well defined as a series of tensional structures, which 
are reflected in variations of sedimentary facies and thickness. The Camden 
Syncline is the most prominent structure in the Woronora Plateau. The Bulli 
Anticline and its north-westerly bifurcation, the Woronora Anticline (Fig 1-5),. are the 
most significant structures related to the deposition. However, the whole area within 
the plateau is gently deformed. 
The Cumberland Basin is the only secondary structural low recognised in the 
Sydney Basin. As shown in Fig 1-5, it lies east of the Lapstone Monocline and is 
bounded by the Hornsby Warp to the north, and by the South Coast Warp to the 
south. The axis of the Cumberland Basin is considered to be identical with that of 
the Sydney Basin, further lower category structural lows such as the Penrith, 
Fairfield and Botany Basins are also recognised. They are located in an 
undistinctive trough (Bryan et aI., 1967). 
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B e m b r i c k  e t  a l .  ( 1 9 7 3 ,  1 9 8 0 )  a n d  B e m b r i c k  a n d  L o n e r g a n  ( 1 9 7 6 )  d i d  n o t  m e n t i o n  
w h e n  a n d  h o w  t h e s e  l o w e r  c a t e g o r y  s t r u c t u r a l  u n i t s  d e v e l o p e d .  H o w e v e r ,  M a y n e  e t  
a l .  ( 1 9 7 4 )  m a d e  a  b r i e f  d i s c u s s i o n  o f  t h e  t i m i n g  f o r  p r o m i n e n t  s t r u c t u r e s  i n  t h e  b a s i n  
i n  t h e i r  r e v i e w  o f  S y d n e y  B a s i n  g e o l o g y .  A c c o r d i n g  t o  t h e m ,  m o s t  o f  t h e  f o l d i n g  a n d  
f a u l t i n g  o f  t h e  t w o  p r o m i n e n t  L o c h i n v a r  a n d  M u s w e l l b r o o k  A n t i c l i n e s  a n d  o t h e r  
s t r u c t u r e s  i n  t h e  H u n t e r  V a l l e y  D o m e  B e l t  d e v e l o p e d  d u r i n g  t h e  T a t a r i a n  ( l a t e  
P e r m i a n )  a n d  a l l  o t h e r  p r o m i n e n t  s t r u c t u r e s  i n  t h e  b a s i n  f o r m e d  d u r i n g  t h e  L a t e  
T e r t i a r y  K o s c i u s k o  U p l i f t  o f  t h e  e a s t e r n  A u s t r a l i a .  T h e  u p l i f t  l e d  t o  t h e  d e v e l o p m e n t  
o f  t h e  B l u e  M o u n t a i n s ,  H o r n s b y  a n d  W o r o n o r a  P l a t e a u s  a n d  t h e  C u m b e r l a n d  
B a s i n .  H o w e v e r ,  r e c e n t  s t u d i e s  ( e . g .  S c h m i d t  a n d  E m b l e t o n ,  1 9 8 1 ,  M i d d l e t o n  a n d  
S c h m i d t ,  1 9 8 2 )  a n d  f i s s i o n  t r a c k  a n a l y s e s  o f  b a s e m e n t  a p a t i t e s  b e t w e e n  
W o l l o n g o n g  a n d  M e l b o u r n e  ( M o o r e  e t  a I . ,  1 9 8 6 )  a n d  t h i s  s t u d y  ( s e e  C h a p t e r  7 )  a l l  
i n d i c a t e  t h e r m a l  u p l i f t  a n d  e r o s i o n  i n  t h e  m i d  C r e t a c e o u s  j u s t  p r i o r  t o  t h e  o n s e t  o f  
T a s m a n  S e a  s p r e a d i n g .  T h i s  u p l i f t  m u s t  h a v e  c o n t r i b u t e d  t o  t h e  d e v e l o p m e n t  o f  
l o w e r  c a t e g o r y  s t r u c t u r a l  u n i t s  i n  t h e  b a s i n  t o  s o m e  e x t e n t .  I n  h i s  d i s c u s s i o n  o f  
e a s t e r n  h i g h l a n d s  o f  A u s t r a l i a ,  W e l l  m a n  ( 1 9 8 7 )  p r o p o s e d  t h a t  t h e  t e c t o n i c  u p l i f t  o f  
t h e  h i g h l a n d s  t o o k  p l a c e  t h r o u g h o u t  t h e  l a t e  C r e t a c e o u s  a n d  C a i n o z o i c .  T h i s  
i m p l i e s  t h a t  t h e  u p l i f t  i n i t i a t e d  a t  m i d  C r e t a c e o u s  p r o b a b l y  p e r s i s t e d  t h r o u g h o u t  t h i s  
p e r i o d  i n  p l a t e a u  a r e a s  o f  t h e  b a s i n .  T h u s ,  t h e  l o w e r  c a t e g o r y  s t r u c t u r a l  u n i t s  i n  t h e  
b a s i n  w a s  m o s t  l i k e l y  t o  h a v e  d e v e l o p e d  f r o m  m i d  C r e t a c e o u s  t o  l a t e  C a i n o z o i c .  
2  1  I N T R O P U C T l O N  
C H A P T E R  T W O  
S A N D S T O N E  D I A G E N E S I S  R E V I E W  
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T h e  t e r m  " d i a g e n e s i s "  w a s  f i r s t  i n t r o d u c e d  t o  g e o l o g i c a l  l i t e r a t u r e  b y  V o n  G u e m b e l s  
i n  1 8 6 8  ( C h i l i n g a r i a n ,  1 9 8 3 ) .  H o w e v e r ,  i t  d i d  n o t  r e c e i v e  m u c h  a t t e n t i o n  u n t i l  t h e  
1 9 5 0 ' s  a n d  i t  i s  o n l y  r e c e n t l y  t h a t  i t  h a s  b e e n  d i s c u s s e d  i n  m u c h  m o r e  d e t a i l .  
F o l l o w i n g  t h e  b o o k  e d i t e d  b y  L a r s e n  a n d  C h i l i n g a r  ( 1 9 6 7 ) ,  w h i c h  s u m m a r i s e d  t h e  
p r e v i o u s  w o r k  o n  d i a g e n e s i s ,  a  n u m b e r  o f  m o n o g r a p h s  o n  d i a g e n e s i s  h a v e  b e e n  
p u b l i s h e d .  A m o n g  t h e m ,  " D i a g e n e s i s  i n  S e d i m e n t s  a n d  S e d i m e n t a r y  R o c k s "  b y  
L a r s e n  a n d  C h i l i n g a r  ( 1 9 7 9 a ,  1 9 8 3 ) ,  " A s p e c t s  o f  D i a g e n e s i s "  b y  S c h o l l e  a n d  
S c h l u g e r  ( 1 9 7 9 ) ,  " S e d i m e n t  D i a g e n e s i s "  b y  P a r k e r  a n d  S e l l w o o d  ( 1 9 8 3 ) ,  " C l a s t i c  
D i a g e n e s i s "  b y  M c D o n a l d  a n d  S u r d a m  ( 1 9 8 4 ) ,  " R o l e s  o f  O r g a n i c  m a t t e r  i n  
S e d i m e n t  d i a g e n e s i s "  b y  G a u t i e r  ( 1 9 8 6 ) ,  a n d  " D i a g e n e s i s  o f  s e d i m e n t a r y  
s e q u e n c e "  b y  M a r s h a l i  ( 1 9 8 7 )  a r e  t h e  m o s t  i m p o r t a n t .  
D i a g e n e s i s  i s  d e f i n e d  a s  a l l  t h e  p r o c e s s e s  t h a t  b e g i n  t o  o p e r a t e  f r o m  t h e  m o m e n t  
o f  s e d i m e n t  d e p o s i t i o n  a n d  c e a s e  a t  t h e  m o m e n t  w h e n  s o l i d  r o c k s  g o  i n t o  t h e  
r e a l m s  o f  m e t a m o r p h i s m  o r  w e a t h e r i n g  ( L a r s e n  a n d  C h i l i n g a r ,  1 9 7 9 b ) .  B u t  n o t  
e v e r y o n e  a g r e e s  w i t h  t h i s  d e f i n i t i o n .  S o m e  a u t h o r s  ( e . g .  C h i l i n g a r i a n ,  1 9 8 3 )  d e f i n e  
i t  a s  t h e  p r o c e s s e s  t h a t  t u r n  s e d i m e n t s  i n t o  s o l i d  r o c k s  a n d  e x c l u d e  t h e  l a t e r  
p r o c e s s e s  f r o m  d i a g e n e s i s .  A  m o r e  d e t a i l e d  d i s c u s s i o n  o f  t h i s  t o p i c  w a s  m a d e  b y  
L a r s e n  a n d  C h i l i n g a r  ( 1 9 7 9 b ) .  A u t h i g e n e s i s  i s  o n e  a s p e c t  o f  d i a g e n e s i s .  I t  r e f e r s  t o  
t h e  f o r m a t i o n  o f  n e w  o r  s e c o n d a r y  m i n e r a l s  w i t h i n  e n c l o s i n g  s e d i m e n t s  o r  
s e d i m e n t a r y  r o c k s  ( F a i r b r i d g e ,  1 9 8 3 ) .  
T h e  c l a s s i f i c a t i o n  o f  d i a g e n e s i s  i n t o  s e v e r a l  p h a s e s  b y  R u s s i a n  a u t h o r s  w a s  q u i t e  
c o n f u s i n g  i n  t h e  1 9 5 0 ' s  a n d  1 9 6 0 ' s .  T h i s  r e s u l t e d  i n  d i f f e r e n t  s c h e m e s  b y  d i f f e r e n t  
a u t h o r s  a n d  d i f f e r e n t  m e a n i n g  o f  t h e  s a m e  t e r m  i n t r o d u c e d  b y  d i f f e r e n t  a u t h o r s .  
L a r s e n  a n d  C h i l i n g a r  ( 1 9 7 9 b )  q u o t e d  a  s u m m a r y  o f  d i f f e r e n t  c l a s s i f i c a t i o n  b y  
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S o v i e t  a u t h o r s  b y  V a s s o e v i c h  ( 1 9 7 1 ,  p . 1 4 )  i n  w h i c h  c l a s s i f i c a t i o n s  w e r e  d i s c u s s e d .  
T h e y  a l s o  m e n t i o n e d  a  q u i t e  c o n f u s i n g  t e r m  " m e t a g e n e s i s "  i n  S o v i e t  l i t e r a t u r e .  
A c c o r d i n g  t o  t h e m ,  t h e  t e r m  w a s  a l m o s t  s i m u l t a n e o u s l y  i n t r o d u c e d  t o  l i t e r a t u r e  i n  
t h r e e  d i f f e r e n t  p u b l i s h e d  w o r k s  i n  1 9 5 7 .  H o w e v e r ,  t h e  d e f i n i t i o n  o f  t h e  t e r m  w a s  
q u i t e  d i f f e r e n t .  " V a s s o e v i c h  ( 1 9 5 7 ) ,  i n  u s i n g  i t ,  r e f e r r e d  t o  m e t a m o r p h i s m ,  w h e r e a s  
A . G .  K o s s o v s l a y a ,  N . V .  L o g v i n e n k o  a n d  V . D .  S h u t o v c  i n  V a s s o e v i c h  ( 1 9 7 1 ,  p . 1 4 )  
d e f i n e d  m e t a g e n e s i s  a s  e a r l y  m e t a m o r p h i s m  p r i o r  t o  r e g i o n a l  m e t a m o r p h i s m .  
S t r a k h a v  ( 1 9 5 7  i n  V a s s o e v i c h  1 9 7 1 ,  p . 1 4 )  a g r e e d  w i t h  t h e  l a t e r  a u t h o r s  a s  f a r  a s  
t h e  l o w e r  b o u n d a r y  o f  m e t a m o r p h i s m  i s  c o n c e r n e d ,  b u t  i n c l u d e d  c a t a g e n e s i s  i n  
t h i s  t e r m . "  ( L a r s e n  a n d  C h i l i n g a r ,  1 9 7 9 b ,  p . 5 )  
I n  t h e  E n g l i s h  s p e a k i n g  w o r l d ,  t h e  s u b d i v i s i o n  o f  d i a g e n e s i s  i s  g e n e r a l l y  
c o n s i s t e n t .  F a i r b r i d g e  ( 1 9 6 7 )  c l a s s i f i e d  d i a g e n e s i s  i n t o  t h r e e  p h a s e s :  
s y n d i a g e n e s i s ,  a n a d i a g e n e s i s ,  a n d  e p i d i a g e n e s i s .  S y n d i a g e n e s i s  i n c l u d e s  t h e  
i n i t i a l  s t a g e  a n d  t h e  b i o l o g i c a l  a c t i v i t y .  A n a d i a g e n e s i s  i n c l u d e s  t h e  c o m p a c t i o n  a n d  
m a t u r a t i o n  s t a g e s  o f  d i a g e n e s i s  a n d  i t  i s  c h a r a c t e r i s e d  b y  l o n g  d u r a t i o n .  
E p i d i a g e n e s i s  i s  n o t  u n d e r g o n e  b y  s o l i d  r o c k s  i n  e v e r y  s e d i m e n t a r y  b a s i n .  I n  s o m e  
s e d i m e n t a r y  b a s i n s ,  t h e  s t r a t a  a r e  u p l i f t e d  t o  t h e  s u r f a c e  a n d  e x p o s e d  t o  t h e  
g r o u n d  w a t e r  z o n e  ( f r e s h  w a t e r ) .  T h i s  p h a s e  i s  t h e  s o  c a l l e d  e p i d i a g e n e s i s .  
I n  t h e i r  s t u d y  o f  c a r b o n a t e  p o r o s i t y ,  C h o q u e t t e  a n d  P r a y  ( 1 9 7 0 )  p r o p o s e d  t h r e e  
d i a g e n e t i c  s t a g e s :  e o g e n e s i s  ( e a r l y ) ,  m e s o g e n e s i s  ( m i d d l e ) ,  a n d  t e l o g e n e s i s  
( l a t e ) .  T h e  t h r e e  s t a g e s  a r e  S l i g h t l y  d i f f e r e n t  f r o m  t h o s e  o f  F a i r b r i d g e  ( 1 9 6 7 )  i n  
e m p h a s i s i n g  t h e  t e m p o r a l  s e q u e n c e .  S c h m i d t  a n d  M c D o n a l d  ( 1 9 7 9 a )  t h o u g h t  t h a t  
t h e  c l a s s i f i c a t i o n  s c h e m e  b y  C h o q u e t t e  a n d  P r a y  ( 1 9 7 0 )  w a s  a p p r o p r i a t e  f o r  s t u d y  
o f  s e c o n d a r y  p o r o s i t y  i n  s a n d s t o n e s  a n d  s o  t h e y  a d o p t e d  t h e  s c h e m e .  
E o d i a g e n e s i s  t a k e s  p l a c e  a t  o r  n e a r  t h e  s u r f a c e  a n d  i t  i s  c h a r a c t e r i s e d  b y  t h e  
s u r f a c e  e n v i r o n m e n t  c o n t r o l l i n g  t h e  p r o p e r t i e s  o f  i n t e r s t i t i a l  f l u i d s  p r i o r  t o  e f f e c t i v e  
b u r i a l  ( t h e  b u r i a l  u n d e r  s t r a t a  w h i c h  s h i e l d s  t h e  s e d i m e n t  f r o m  t h e  i m p a c t  f r o m  t h e  
s u r f a c e  e n v i r o n m e n t  a n d  t h u s  t h e  c h e m i s t r y  o f  i n t e r s t i t i a l  f l u i d s  i s  n o t  c o n t r o l l e d  b y  
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i t . ) .  M e s o d i a g e n e s i s  i s  d e f i n e d  a s  t h e  s u b s u r f a c e  r e g i m e  u n d e r  e f f e c t i v e  b u r i a l .  
T e l o d i a g e n e s i s  i s  t h e  r e g i m e  a t  o r  n e a r  t h e  s u r f a c e  a f t e r  e f f e c t i v e  b u r i a l  w h e n  t h e  
r o c k s  h a v e  b e e n  e x p o s e d .  T h e  s c h e m e  o f  C h o q u e t t e  a n d  P r a y  ( 1 9 7 0 )  w a s  u s e d  b y  
K a n t o r o w i c z  ( 1 9 8 5 )  i n  h i s  c a s e  s t u d y  o f  d i a g e n e s i s  o f  M i d d l e  J u r a s s i c  s e d i m e n t s ,  
R a v e n s c a r  G r o u p ,  Y o r k s h i r e  ( U . K . ) .  
T h e r e  a r e  o t h e r  c l a s s i f i c a t i o n  s c h e m e s  ( e . g .  B j " r l y k k e ,  1 9 8 3 )  w h i c h  d o  n o t  t a k e  t h e  
l a s t  s t a g e  o f  S c h m i d t  a n d  M c D o n a l d  ( 1 9 7 9 a )  i n t o  a c c o u n t .  B i "  r l y k k e  s u b d i v i d e d  t h e  
d i a g e n e t i c  r e a c t i o n s  i n  s a n d s t o n e s  i n t o  o n l y  t w o  s t a g e s :  e a r l y  d i a g e n e s i s  a n d  
b u r i a l  d i a g e n e s i s .  I n  t h i s  s c h e m e ,  t h e  b u r i a l  d e p t h  i s  t a k e n  a s  t h e  m a j o r  f a c t o r  
d e f i n i n g  d i a g e n e t i c  s t a g e s .  B y  c o m p a r i n g  t h e  s c h e m e  w i t h  t h e  o n e  b y  S c h m i d t  a n d  
M c D o n a l d  ( 1 9 7 9 a ) ,  i t  c a n  b e  f o u n d  t h a t  t h e  e a r l y  d i a g e n e s i s  o f  B j " r l y k k e  g e n e r a l l y  
c o r r e s p o n d s  t o  t h e  e o d i a g e n e s i s ,  a n d  t h a t  t h e  b u r i a l  d i a g e n e s i s  t o  t h e  
m e s o d i a g e n e s i s .  T h e r e f o r e ,  n o  s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  b e t w e e n  t h e  t w o  
s c h e m e s  e x c e p t  f o r  t h e  l a c k  o f  c o u n t e r p a r t  f o r  t h e  l a s t  s t a g e  - t e l o d i a g e n e s i s  o f  
S c h m i d t  a n d  M c D o n a l d ' s  s c h e m e  i n  B i " r l y k k e ' s  s c h e m e .  
2 , 2  F A C T O R S  A F F E C T I N G  S A N P S T O N E  p l A G E N E S I S  
T h e r e  a r e  a  n u m b e r  o f  f a c t o r s  a f f e c t i n g  s a n d s t o n e  d i a g e n e s i s  d e p e n d i n g  o n  t h e  
h i s t o r y  o f  t h e  s e d i m e n t a r y  b a s i n .  T h e  f i v e  m o s t  i m p o r t a n t  a r e  d e s c r i b e d  b e l o w .  
2 . 2 . 1  P O R E  W A T E R  C H E M I S T R Y  
T h e  i n f l u e n c e s  o f  p o r e  w a t e r  c h e m i s t r y  o n  s a n d s t o n e  d i a g e n e s i s  h a v e  b e e n  
d i s c u s s e d  b y  a  n u m b e r  o f  a u t h o r s .  T h e y  i n c l u d e  A l m o n  e t  a l .  ( 1 9 7 6 ) ,  D a v i e s  e t  a l .  
( 1 9 7 9 ) ,  B i " r l y k k e  ( 1 9 8 3 ) ,  B u r l e y  ( 1 9 8 4 ) ,  a n d  K a n t o r o w i c z  ( 1 9 8 5 ) .  
I n  t h e i r  s t u d y  a r e a ,  A l m o n  e t  a l .  ( 1 9 7 6 )  f o u n d  t w o  d i s t i n c t  c e m e n t  a s s e m b l a g e s :  
c o r r e n s i t e  ±  c a l c i t e  ±  d o l o m i t e  a n d  m o n t m o r i l l o n i t e  ±  c a l c i t e .  T h e y  r e c o g n i s e d  t h r e e  
c h a r a c t e r i s t i c  f e a t u r e s  i n  t h e  c e m e n t s :  ( 1 )  T h e  f o r m e r  a s s e m b l a g e  i s  o n l y  f o u n d  i n  
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s a m p l e s  f r o m  d e l t a  d i s t r i b u t a r y  c h a n n e l  a n d  d i s t r i b u t a r y  m o u t h  b a r  e n v i r o n m e n t s  
w h i l e  t h e  l a t t e r  a s s e m b l a g e  o c c u r s  o n l y  i n  s a m p l e s  f r o m  b a y - b e a c h ,  c r e v a s s e  
s p l a y ,  l a g o o n ,  b a r r i e r  i s l a n d  a n d  s h a l l o w  s u b t i d a l  e n v i r o n m e n t s .  ( 2 )  E a c h  
a s s e m b l a g e  i s  u n i m i n e r a l l i c  w i t h  r e g a r d  t o  c l a y  m i n e r a l s .  ( 3 )  T h e  c o r r e n s i t e  a n d  t h e  
m o n t m o r i l l o n i t e  a r e  m u t u a l l y  e x c l u s i v e .  A l l  t h e  e v i d e n c e  s u p p o r t s  t h e  c o n c l u s i o n  
t h a t  t h e  f o r m a t i o n  o f  a u t h i g e n i c  c l a y  m i n e r a l s  w a s  c o n t r o l l e d  b y  o r i g i n a l  p o r e  f l u i d  
c h e m i s t r y .  
D a v i e s  e t  a l .  ( 1 9 7 9 )  c o n s i d e r e d  t h e  p o r e  w a t e r  c h e m i s t r y  t o  b e  t h e  m o s t  i m p o r t a n t  
c o n t r o l  o n  d i a g e n e s i s  o f  T e r t i a r y - H o l o c e n e  v o l c a n i c l a s t i c s  i n  t h e i r  c a s e  s t u d y .  T h e  
f o r m a t i o n  o f  t h r e e  s u c c e s s i v e  c e m e n t s ,  h a e m a t i t e - g e o t h i t e ;  m o n t m o r i l l o n i t e  p l u s  
h a e m a t i t e ;  m o n t m o r i l l o n i t e  p l u s  h e u l a n d i t e ,  w a s  m a i n l y  c o n t r o l l e d  b y  p o r e  w a t e r  
c h e m i s t r y .  
B j l H l y k k e  ( 1 9 8 3 )  c o n t r i b u t e d  a  g e n e r a l  d i s c u s s i o n  o f  t h e  i n i t i a l  p o r e  w a t e r  c h e m i s t r y  
a n d  c e m e n t  p r e c i p i t a t i o n  i n  d i f f e r e n t  t y p e s  o f  p o r e  w a t e r .  H e  d i v i d e d  i n i t i a l  p o r e  
w a t e r  i n t o  t h r e e  d i f f e r e n t  t y p e s :  s e a  w a t e r ,  e v a p o r i t i c  w a t e r  a n d  m e t e o r i c  w a t e r .  S e a  
w a t e r  i s  p r e s e n t  i n  m a r i n e  e n v i r o n m e n t  a n d  i t  i s  c h a r a c t e r i s e d  b y  c o n s t a n t  
c o m p o s i t i o n .  U p w a r d  m o v i n g  p o r e  s e a  w a t e r  d u e  t o  c o m p a c t i o n  p r e c i p i t a t e s  
c a r b o n a t e s ,  i r o n  a n d  m a n g a n e s e  o x i d e s .  O f  t h e m ,  c a r b o n a t e s  a r e  t h e  m o s t  
i m p o r t a n t .  I n  a d d i t i o n ,  p y r i t e ,  i r o n - r i c h  c h l o r i t e  a n d  g l a u c o n i t e  m a y  a l s o  p r e c i p i t a t e  
f r o m  s e a  w a t e r .  I n  s u i t a b l e  c o n d i t i o n s ,  s i l i c a  c a n  a l s o  b e  p r e c i p i t a t e d  a s  a  l e s s  
s t a b l e  p h a s e  a n d  l a t e r  c h a n g e  t o  q u a r t z .  
E v a p o r i t i c  p o r e  w a t e r  o c c u r s  i n  b o t h  m a r i n e  a n d  c o n t i n e n t a l  e v a p o r i t i c  b a s i n s .  I t  i s  
c h a r a c t e r i s e d  b y  h i g h  c o n c e n t r a t i o n s  o f  i o n s .  I n  a d d i t i o n  t o  c a r b o n a t e s  a n d  
s u l p h a t e s ,  z e o l i t e s  a r e  c o m m o n  e a r l y  d i a g e n e t i c  m i n e r a l s  i n  t h i s  e n v i r o n m e n t .  
F u r t h e r m o r e ,  t h e  s p e c i a l  c o n d i t i o n s  o f  t h e  e n v i r o n m e n t  s t a b i l i s e  t h e  s m e c t i t e .  I n  t h e  
v a d o s e  z o n e  o f  a r i d  e n v i r o n m e n t s ,  e a r l y  c a l c i t e  a n d  a l s o  i r o n  a n d  m a n g a n e s e  
o x i d e s  a r e  c o m m o n  c e m e n t s .  
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M e t e o r i c  w a t e r  o c c u r s  i n  c o n t i n e n t a l  e n v i r o n m e n t s .  I t  i s  c h a r a c t e r i s e d  b y  l o w  i o n  
c o n c e n t r a t i o n  a n d  v a r i a b l e  p H  v a l u e s .  I t  i s  i n i t i a l l y  u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  
m o s t  m i n e r a l s .  H o w e v e r ,  a s  i t  l e a c h e s  u n s t a b l e  p a r t i c l e s ,  i t  b e c o m e s  s a t u r a t e d  w i t h  
s o m e  m i n e r a l s  s u c h  a s  g y p s u m  a n d  c a r b o n a t e s  a n d  p r e c i p i t a t e s  t h e m .  S i l i c a ,  i l l i t e ,  
m o n t m o r i l l o n i t e ,  a n d  k a o l i n i t e  c a n  b e  p r o d u c e d  b y  d i s s o l u t i o n  o f  f e l d s p a r  a n d  o t h e r  
s i l i c a t e  m i n e r a l s .  
B u r l e y  ( 1 9 8 4 )  t h o u g h t  t h e  o v e r a l l  c h e m i s t r y  o f  t h e  n e a r - s u r f a c e  p o r e  w a t e r s  a n d  t h e  
i n t e r a c t i o n  o f  u n s t a b l e  m i n e r a l s  w i t h  t h e  p o r e  w a t e r s  l a r g e l y  c o n t r o l l e d  t h e  
e o d i a g e n e t i c  m i n e r a l s  o f  t h e  S h e r w o o d  S a n d s t o n e  G r o u p ,  a  c o n c l u s i o n  s u p p o r t e d  
b y  K a n t o r o w i c z  ( 1 9 8 5 ) .  A c c o r d i n g  t o  K a n t o r o w i c z ,  d u r i n g  t h e  e o d i a g e n e t i c  s t a g e  
q u a r t z  o v e r g r o w t h s  a n d  v e r m i f o r m  k a o l i n i t e s  w e r e  p r e C i p i t a t e d  i n  s a n d s t o n e s  w i t h  
o x y g e n a t e d  a n d  m i l d l y  a c i d i c  p o r e  w a t e r  w h i l e  c h l o r i t e s  a n d  q u a r t z  o v e r g r o w t h s  
w e r e  r e s t r i c t e d  t o  s a n d s t o n e s  w i t h  a n o x i c  a n d  n e u t r a l  p o r e  w a t e r  i n  t h e  M i d d l e  
J u r a s s i c  R a v e n s c a r  G r o u p  o f  Y o r k s h i r e  ( U . K . ) .  
A l l  t h e  d i s c u s s i o n s  m a d e  a b o v e  s h o w  t h a t  p o r e  w a t e r  c h e m i s t r y  h a s  a n  e f f e c t  o n  
s a n d s t o n e  d i a g e n e s i s .  H o w e v e r ,  d u e  t o  t h e  c o m p l e x i t y  o f  p o r e  w a t e r  c h e m i s t r y ,  t h e  
i n f l u e n c e  o f  p o r e  w a t e r  c h e m i s t r y  o n  s a n d s t o n e  d i a g e n e s i s  i s  n o t  t h e  s a m e  a t  
d i f f e r e n t  a r e a s .  I n  a d d i t i o n ,  t h e  c h e m i s t r y  c h a n g e s  w i t h  t i m e .  
2 . 2 . 2  D E T R I T A L  M I N E R A L O G Y  
( i )  V o l c a n i c  L i t h i c  S a n d s t o n e  
C l e a r l y ,  d e t r i t a l  m i n e r a l s  a f f e c t  s a n d s t o n e  d i a g e n e s i s .  A  n u m b e r  o f  p a p e r s  o n  
d i a g e n e s i s  o f  v o l c a n i c  l i t h i c  s a n d s t o n e s  h a v e  b e e n  p u b l i s h e d  ( e . g .  G a l l o w a y ,  1 9 7 4 ,  
1 9 7 9 ;  D a v i e s  e t  a I . ,  1 9 7 9 ;  S u r d a m  a n d  B o l e s ,  1 9 7 9 ) .  G a l l o w a y  ( 1 9 7 4 )  i n d i c a t e d  
t h a t  t h e  f o r m a t i o n  o f  c a l c i t e  c e m e n t  i s  t h e  c o m m o n  r e a c t i o n  i n  v o l c a n i c  l i t h i c  
s a n d s t o n e .  D u r i n g  d i a g e n e s i s ,  t h e  u n s t a b l e  p a r t i c l e s  s u c h  a s  p y r o x e n e  a n d  
v o l c a n i c  g l a s s  a r e  d i s s o l v e d  a n d  t h u s  p o r e  w a t e r  c h e m i s t r y  i s  c h a n g e d  ( D a v i e s  e t  
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a i . ,  1 9 7 9 ) .  I n  r e g a r d  t o  t h e  p o r o s i t y  c h a r a c t e r i s t i c s  o f  t h e  v o l c a n i c  l i t h i c  s a n d s t o n e ,  
S u r d a m  a n d  B o l e s  ( 1 9 7 9 )  c o n c l u d e d  t h a t  t h e  d i a g e n e s i s  o f  v o l c a n i c  g l a s s  a n d  
v o l c a n i c  r o c k  f r a g m e n t s  c a n  g r e a t l y  r e d u c e  o r  e v e n  c o m p l e t e l y  d e s t r o y  t h e  o r i g i n a l  
p r i m a r y  p o r o s i t y ,  b u t  l a t e r  d i a g e n e s i s  m a y  c r e a t e  s e c o n d a r y  p o r o s i t y  t h r o u g h  
d i s s o l u t i o n  o f  u n s t a b l e  c o m p o n e n t s .  
( i i )  F e l d s p a t h i c  S a n d s t o n e  
T h e  m o s t  c h a r a c t e r i s t i c  f e a t u r e  o f  d i a g e n e s i s  i n  f e l d s p a t h i c  s a n d s t o n e s  i s  t h e  
d i s s o l u t i o n  o f  f e l d s p a r s  a n d  t h e  r e p l a c e m e n t  o f  t h e m  b y  c l a y  m i n e r a l s  a n d  I  o r  
c a r b o n a t e s .  I n  v e r y  a c i d i c  e n v i r o n m e n t s  ( p H  <  5 ) ,  t h e  r a t e  o f  f e l d s p a r  d i s s o l u t i o n  i s  
d e t e r m i n e d  b y  a c t i v i t y  o f  h y d r o g e n  i o n s  w h e r e a s  i t  i s  i n d e p e n d e n t  o f  p H  w h e n  p H  
v a l u e  i s  m o r e  t h a n  5  ( B j 0 r l y k k e ,  1 9 8 3 ) .  F e l d s p a r s  a r e  s t a b l e  i n  b a s i c  s o l u t i o n s  o f  
h i g h  a l k a l i  a n d  s i l i c a  c o n c e n t r a t i o n s .  T h e  a l t e r a t i o n  o f  f e l d s p a r s  t o  c l a y  m i n e r a l s  
w a s  d e s c r i b e d  b y  H a w k i n s  ( 1 9 7 8 ) .  A c c o r d i n g  t o  h i m ,  k a o l i n i t e  r e p l a c e d  f e l d s p a r s  i n  
c o a r s e  g r a i n e d  s a n d s t o n e s  w h e r e a s  i l l i t e  r e p l a c e d  f e l d s p a r s  i n  f i n e  g r a i n e d  
s a n d s t o n e s  i n  U p p e r  C a r b o n i f e r o u s  s a n d s t o n e s  i n  B o t h a m a s a l l  O i l f i e l d  ( U . K . ) .  
( i i i )  Q u a r t z o s e  S a n d s t o n e  
Q u a r t z o s e  s a n d s t o n e s  a r e  s t a b l e  a n d  s i m p l e  i n  t e r m s  o f  t h e i r  d e t r i t a l  c o m p o s i t i o n s .  
T h u s  t h e i r  d i a g e n e s i s  i s  r e l a t i v e l y  s i m p l e  c o m p a r e d  w i t h  t h a t  o f  f e l d s p a t h i c  a n d  
v o l c a n i c  l i t h i c  s a n d s t o n e s .  S c h m i d t  a n d  M c D o n a l d  ( 1 9 7 9 a )  d e s c r i b e d  a  n u m b e r  o f  
m o d e l s  o f  q u a r t z o s e  s a n d s t o n e  d i a g e n e s i s  f r o m  a  p u r e l y  t h e o r e t i c a l  v i e w p o i n t .  T h e  
m o d e l  i s  a  f u n c t i o n  o f  t h e  s o u r c e  o f  s i l i c a  c e m e n t ,  t h e  t y p e  o f  c a r b o n a t e  c e m e n t  a n d  
t h e  c o n t e n t  o f  d e t r i t a l  c a r b o n a t e  f r a g m e n t s .  T h e  m o s t  c o m m o n  f e a t u r e s  o f  
q u a r t z o s e  s a n d s t o n e  d i a g e n e s i s  a r e  p r e s s u r e  s o l u t i o n  a n d  q u a r t z  o v e r g r o w t h .  
A u t h i g e n i c  c l a y  m i n e r a l s  a n d  I  o r  c a r b o n a t e s  m a y  a l s o  b e  p r e c i p i t a t e d  i n  q u a r t z o s e  
s a n d s t o n e s .  
2 . 2 . 3  D E P O S I T I O N A L  E N V I R O N M E N T  
D e p o s i t i o n a l  e n v i r o n m e n t  c o n t r o l s  i n i t i a l  p o r e  w a t e r  c h e m i s t r y  a n d  d e t r i t a l  
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m i n e r a l o g y  c o m p o s i t i o n  o f  s a n d s t o n e s  t o  a  c e r t a i n  e x t e n t .  T h e r e f o r e  i t  m u s t  h a v e  
a n  i n f l u e n c e  o n  s a n d s t o n e  d i a g e n e s i s .  I t  i s  o n l y  d u r i n g  e a r l y  d i a g e n e s i s  t h a t  i t  
g r e a t l y  a f f e c t s  d i a g e n e s i s  ( F u c h t b a u e r ,  1 9 8 3 ) .  S i n c e  t h e  r o l e  o f  i n i t i a l  p o r e  w a t e r  i n  
s a n d s t o n e  d i a g e n e s i s  h a s  b e e n  d i s c u s s e d  a b o v e ,  a  d i s c u s s i o n  o f  d e p o s i t i o n a l  
e n v i r o n m e n t s  o n  s a n d s t o n e  d i a g e n e s i s  i s  o m i t t e d  h e r e .  A  c o m p r e h e n s i v e  
d i s c u s s i o n  o f  t h e  t o p i c  w a s  m a d e  b y  F u c h t b a u e r  ( 1 9 8 3 ) .  
2 . 2 . 4  H E A T  F L O W  ( T E M P E R A T U R E )  
T h e  i n f l u e n c e  o f  t e m p e r a t u r e  o n  s a n d s t o n e  d i a g e n e s i s  h a s  b e e n  d i s c u s s e d  b y  a  
n u m b e r  o f  a u t h o r s  ( e . g .  G a l l o w a y ,  1 9 7 4 ,  1 9 7 9 ;  B j 0 r l y k k e ,  1 9 8 3 ;  L o u c k s  e t  a I . ,  
1 9 8 4 ) .  B j 0 r l y k k e  ( 1 9 8 3 )  s u m m a r i s e d  t h e  i m p a c t  o f  t e m p e r a t u r e  o n  s a n d s t o n e  
d i a g e n e s i s  i n  f o u r  w a y s :  ( 1 )  t e m p e r a t u r e  a f f e c t s  t h e  s o l u b i l i t i e s  o f  m i n e r a l s ;  ( 2 )  t h e  
e f f e c t  o f  h y d r a t i o n  o f  i o n s  w i l l  b e  r e d u c e d  b y  i n c r e a s i n g  t e m p e r a t u r e  s o  t h a t  t h e  
i o n s  s u c h  a s  F e
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+ ,  M g 2 +  w h i c h  a r e  e a s i l y  h y d r a t e d  a t  s u r f a c e  t e m p e r a t u r e  a r e  m o r e  
a v a i l a b l e  t o  g e t  i n t o  m i n e r a l  p h a s e s ;  ( 3 )  i n c r e a s i n g  t e m p e r a t u r e  m a k e s  h y d r o u s  
m i n e r a l s  ( e . g .  m o n t m o r i l l o n i t e  a n d  k a o l i n i t e )  b e c o m e  u n s t a b l e  a n d  t r a n s f o r m  t o  
l e s s  h y d r o u s  m i n e r a l  p h a s e s .  T h i s  p r o c e s s  a l s o  r e l e a s e s  w a t e r ;  ( 4 )  p o r e  w a t e r  w i l l  
e x p a n d  w i t h  i n c r e a s i n g  t e m p e r a t u r e  s o  t h a t  f l u i d  p r e s s u r e  w i l l  i n c r e a s e  i f  t h e  p o r e  
f l u i d  c a n n o t  e s c a p e .  
B a s e d  o n  h i s  s t u d y  o f  d i a g e n e s i s  o f  s a n d s t o n e s  i n  n o r t h w e s t  P a c i f i c  a r c - r e l a t e d  
b a s i n s ,  G a l l o w a y  ( 1 9 7 4 ,  1 9 7 9 )  c o n c l u d e d  t h a t  t e m p e r a t u r e  h a d  a  g r e a t  i m p a c t  o n  
d i a g e n e s i s  o f  s o m e  s a n d s t o n e  s u i t s .  T h e r e f o r e ,  t h e  p r e s e r v a t i o n  o f  p o r o s i t y  i n  
t h e s e  s a n d s t o n e s  w a s  m a i n l y  c o n t r o l l e d  b y  t e m p e r a t u r e .  T h e  c o r r e l a t i o n  b e t w e e n  
t e m p e r a t u r e  a n d  p o r o s i t y  w a s  a l s o  s h o w n  b y  L o u c k s  e t  a l .  ( 1 9 8 4 )  i n  t h e i r  s t u d y  o f  
d i a g e n e s i s  o f  l o w e r  T e r t i a r y  s a n d s t o n e s  a l o n g  t h e  T e x a s  G u l f  C o a s t .  I n  t h e  W i l c o x  
G r o u p  a n d  F r i o  F o r m a t i o n ,  p o r o s i t y  d e c r e a s e s  w i t h  i n c r e a s i n g  t e m p e r a t u r e .  T h i s  
r e l a t i o n s h i p  i s  n o t  o n l y  s h o w n  i n  a  v e r t i c a l  p r o f i l e  b u t  a l s o  m o r e  s i g n i f i c a n t l y  i n  a n  
a r e a l  s e n s e :  a t  t h e  s a m e  b u r i a l  d e p t h ,  t h e  s a n d s t o n e s  i n  t h e  i n l a n d  a r e a  w i t h  a  
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higher temperature have a lower porosity than those in the area along the coast 
with a lower temperature. 
A discussion of the paleothermometry of the Sydney Basin has been made by 
Schmidt and Elmleton (1981) and Middleton and Schmidt (1982). Schmidt and 
Elmleton (1981) concluded with confidence that the rocks present at the surface 
throughout much of the coastal areas of the Sydney Basin were elevated to 
temperatures of at least 100 0 to 200 °C at some time prior to 80 m.y. This 
conclusion was supported by Middleton and Schmidt (1982) based on overprinting 
of magnetisations of Upper Permian and Mesozoic rocks and the rank of Permian 
Coals and Mesozoic phystoclasts (coal particles). They proposed that the rocks 
exposed at the surface of the Sydney Basin might have been raised to 
temperatures of 200 °C or even higher. Both Schmidt and Embleton (1981) and 
Middleton and Schmidt (1982) attributed the high temperatures to a thick sediment 
sequence, which overlay the current surface rocks and was later eroded away. A 
sediment sequence with a thickness of between 1 and 2 km was regionally lost and 
locally a 3 km thick sediment sequence was probably lost (Middleton and Schmidt, 
1982). However, this conclusion was disputed by Branagan (1983). He thought that 
the evidence for a thick cover, which was eroded away, was poor. The thickness of 
sediments eroded was much less than 1 km. He attributed the high vitrinite 
reflectance to heat flow resulting from volcanic intrusion rather than deep burial. 
The heat flow history model of the basin will be discussed in detail in Chapter 7. 
2.2.5 PRESSURE 
The solid rocks at subsurface undergo pressure from overburden materials. This 
pressure is called confining pressure (Po) (North, 1985). It comprises the fluid 
pressure (Pt) and the effective pressure or grain to grain pressure (ap). The effective 
pressure can be expressed in the following formula: 
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( J p  =  P o  - P I  ( N o r t h ,  1 9 8 5 ,  p . 2 1 9 )  
O b v i o u s l y  i t  i s  t h e  e f f e c t i v e  p r e s s u r e  t h a t  c o n t r o l s  t h e  m e c h a n i c a l  d e f o r m a t i o n  a n d  
p r e s s u r e  s o l u t i o n .  T h e  i n f l u e n c e  o f  t h e  e f f e c t i v e  p r e s s u r e  o n  s a n d s t o n e  d i a g e n e s i s  
i s  s h o w n  b y  t h e  B r e n t  S a n d s t o n e  o f  V i k i n g  G r a b e n  i n  t h e  N o r t h  S e a  ( C h i a r e l l i  a n d  
D u f f a u d ,  1 9 8 0 ) .  T h e y  s h o w e d  t h a t  t h e  s a n d s t o n e ,  n o w  a t  2 . 5 - 3 . 0  k m ,  w a s  i n  a n  
o v e r p r e s s u r e  z o n e  ( w h e r e  t h e  f l u i d  p r e s s u r e  i s  m o r e  t h a n  t h e  n o r m a l  h y d r o s t a t i c  
p r e s s u r e )  a n d  r e m a i n e d  l o o s e  a n d  f r i a b l e .  
I n  a d d i t i o n  t o  t h e  f a c t o r s  d i s c u s s e d  a b o v e :  p o r e  w a t e r  c h e m i s t r y ,  d e t r i t a l  
m i n e r a l o g y ,  d e p o s i t i o n a l  e n v i r o n m e n t ,  h e a t  f l o w ,  a n d  p r e s s u r e ,  t h e r e  a r e  s e v e r a l  
o t h e r  f a c t o r s  a f f e c t i n g  s a n d s t o n e  d i a g e n e s i s  s u c h  a s  t e x t u r e ,  t e c t o n i c s ,  a n d  
s u b s i d e n c e  h i s t o r y  a n d  r a t e .  T h e  t e x t u r e  f a c t o r  w a s  d i s c u s s e d  b y  F u c h t b a u e r  
( 1 9 8 3 )  a n d  S t o n e c i p h e r  e t  a \ .  ( 1 9 8 4 )  a n d  t h e  l a t t e r  f a c t o r s  b y  B j 0 r l y k k e  ( 1 9 8 3 ) .  
H o w e v e r ,  t h e s e  f a c t o r s  a r e  g e n e r a l l y  l e s s  i m p o r t a n t  t h a n  t h e  o n e s  m e n t i o n e d  
a b o v e .  
2 , 3  P O R O S I J Y  
2 . 3 . 1  G E N E R A L  S T A T E M E N T  
P o r o s i t y  i s  d e f i n e d  a s  t h e  r a t i o  o f  p o r e  s p a c e  t o  t h e  t o t a l  r o c k  v o l u m e  a n d  i t  i s  
u s u a l l y  e x p r e s s e d  a s  a  p e r c e n t a g e .  I t  i n c l u d e s  t w o  t y p e s :  e f f e c t i v e  a n d  a b s o l u t e  
p o r o s i t y .  T h e  f o r m e r  i s  t h e  p e r c e n t a g e  o f  i n t e r - c o n n e c t e d  p o r e  s p a c e  i n  t h e  t o t a l  
r o c k  v o l u m e .  T h e  l a t t e r  i s  t h e  p e r c e n t a g e  o f  t o t a l  p o r e  s p a c e  i n  t h e  t o t a l  r o c k  
v o l u m e .  T h e  p o r o s i t y  c a n  b e  p r i m a r y ,  s e c o n d a r y  o r  a  c o m b i n a t i o n  o f  t h e  t w o .  
P r i m a r y  p o r o s i t y  i s  t h a t  w h i c h  t h e  r o c k  p o s s e s s e s  a t  t h e  e n d  o f  i t s  d e p o s i t i o n a l  
p h a s e .  S e c o n d a r y  p o r o s i t y  i s  a d d i t i o n a l  v o i d  s p a c e  d u e  t o  p o s t - d e p o s i t i o n a l  o r  
d i a g e n e t i c  p r o c e s s e s .  
2 . 3 . 2  P O R O S I T Y  R E D U C T I O N  
3 9  
H a y e s  ( 1 9 7 9 )  c l a s s i f i e d  p o r o s i t y  r e d u c t i o n  p r o c e s s e s  i n t o  t h r e e  t y p e s :  ( 1 )  c h e m i c a l  
( c e m e n t a t i o n ,  r e p l a c e m e n t  a n d  r e c r y s t a l l i s a t i o n ) ,  ( 2 )  m e c h a n i c a l  ( c o m p a c t i o n  b y  
d e f o r m a t i o n  a n d  f r a c t u r e  o f  d e t r i t a l  g r a i n s ) ,  a n d  ( 3 )  c o m b i n a t i o n  o f  t h e  a b o v e  
( a l t e r a t i o n  o f  a  d e t r i t a l  g r a i n  a c c o m p a n i e d  b y  c o m p a c t i o n ) .  B j f u l y k k e  ( 1 9 8 3 )  
t h o u g h t  t h e r e  w e r e  f o u r  p r o c e s s e s  r e s p o n s i b l e  f o r  p o r o s i t y  r e d u c t i o n .  T h e y  w e r e  ( 1 )  
m e c h a n i c a l  c o m p a c t i o n  o f  t h e  g r a i n s ,  ( 2 )  p r e c i p i t a t i o n  o f  c e m e n t  i n  t h e  p r i m a r y  
p o r e  s p a c e ,  ( 3 )  m i n e r a l  r e a c t i o n  f o r m i n g  e x p a n d e d  h y d r o u s  m i n e r a l s ,  a n d  ( 4 )  
p r e s s u r e  s o l u t i o n .  T h e  t w o  s c h e m e s  a r e  s i m i l a r .  T h e  ( 2 )  a n d  ( 3 )  o f  B j ' H l y k k e  c a n  b e  
c l a s s i f i e d  i n t o  ( 1 )  o f  H a y e s .  T h e  ( 1 )  a n d  ( 4 )  o f  B j ' H l y k k e  c o r r e s p o n d  t o  t h e  ( 2 )  a n d  
( 3 )  o f  H a y e s  r e s p e c t i v e l y .  
C e m e n t a t i o n  i s  o b v i o u s l y  a  p o r o s i t y  r e d u c t i o n  p r o c e s s .  A  l o t  o f  m i n e r a l s  h a v e  b e e n  
n o t e d  a s  c e m e n t s  i n  s a n d s t o n e s .  A  s u m m a r y  o f  t h e s e  m i n e r a l s  w a s  m a d e  b y  
H a y e s  ( 1 9 7 9 ,  p . 1 2 8 ) .  M e c h a n i c a l  c o m p a c t i o n  i n c l u d e s  p a r t i c l e  r e a r r a n g e m e n t ,  
p l a s t i C  d e f o r m a t i o n  a n d  p a r t i c l e  b r e a k a g e .  C h i l i n g a r i a n  ( 1 9 8 3 )  h a d  a  l e n g t h y  
d i s c u s s i o n  o f  t h i s  t o p i c .  B i o t i t e  a l t e r a t i o n  a n d  p r e s s u r e  s o l u t i o n  b e l o n g  t o  t h e  
c o m b i n a t i o n  o f  c h e m i c a l  a n d  m e c h a n i c a l  p o r o s i t y  r e d u c t i o n  p r o c e s s e s  ( H a y e s ,  
1 9 7 9 ) .  
2 . 3 . 3  P O R O S I T Y  E N H A N C E M E N T  ( S E C O N D A R Y  P O R O S I T Y )  
A l t h o u g h  s e v e r a l  p r o c e s s e s  r e d u c e  p o r o s i t y  o r  e v e n  c o m p l e t e l y  d e s t r o y  i t ,  
s a n d s t o n e s  a t  d e e p  b u r i a l  m a y  s t i l l  h a v e  a  q u i t e  h i g h  p o r o s i t y .  T h e  p o r o s i t y  i s  e i t h e r  
a  c o m b i n a t i o n  o f  p r i m a r y  a n d  s e c o n d a r y  o r  n e a r l y  t o t a l l y  s e c o n d a r y .  I n  f a c t ,  t h e  
h i g h  p o r o s i t y  o f  m a n y  o i l  r e s e r v o i r s  r e s u l t s  f r o m  t h e  f o r m a t i o n  o f  s e c o n d a r y  p o r o s i t y  
( H a y e s ,  1 9 7 9 ) .  
S e c o n d a r y  p o r o s i t y  m a y  o c c u r  i n  a n y  s a n d s t o n e  o f  P h a n e r o z o i c  a g e  ( S c h m i d t  a n d  
M c D o n a l d ,  1 9 7 9 a ) .  I t s  r e c o g n i t i o n  w a s  a  g r e a t  a d v a n c e  i n  t h e  s t u d y  o f  s a n d s t o n e  
d i a g e n e s i s .  A  d i s c u s s i o n  o f  s e c o n d a r y  p o r o s i t y  i n  s a n d s t o n e s  w a s  a l r e a d y  m a d e  i n  
t h e  l i t e r a t u r e  q u i t e  a  l o n g  t i m e  a g o  s u c h  a s  P h i p p s  ( 1 9 6 9 ) ,  M o r g a n  a n d  G o r d o n  
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( 1 9 7 0 ) ,  a n d  H e a l d  a n d  L a r e s e  ( 1 9 7 3 ) .  R e c e n t l y  n u m e r o u s  a r t i c l e s  h a v e  b e e n  
p u b l i s h e d  o n  t h i s  t o p i c .  T h e y  m a i n l y  d e a l  w i t h  t h e  o r i g i n  a n d  r e c o g n i t i o n  o f  
s e c o n d a r y  p o r o s i t y  i n  a  g e n e r a l  s e n s e  ( e . g .  H a y e s ,  1 9 7 9 ;  S c h m i d t  a n d  M c D o n a l d ,  
1 9 7 9 a ,  b ;  B j l H l y k k e ,  1 9 8 3 ,  1 9 8 4 ;  S u r d a m  e t  a I . ,  1 9 8 4  )  a n d  t h e  f o r m a t i o n  a n d  
r e c o g n i t i o n  o f  s e c o n d a r y  p o r o s i t y  i n  a  p a r t i c u l a r  f o r m a t i o n  i n  a  s e d i m e n t a r y  b a s i n  
( e . g .  L i n d q u i s t ,  1 9 7 7 ;  M c B r i d e ,  1 9 7 7 ;  B o l e s ,  1 9 8 4 ;  C r o s s e y  e t  a I . ,  1 9 8 4 ;  M o n c u r e  e t  
a I . ,  1 9 8 4 ) .  
O f  t h e  c r i t e r i a  f o r  r e c o g n i t i o n  o f  s e c o n d a r y  p o r o s i t y  i n  t h i n  s e c t i o n s  p r o p o s e d  b y  
t h e s e  a u t h o r s ,  t h o s e  p r o p o s e d  b y  S c h m i d t  a n d  M c D o n a l d  ( 1 9 7 9 b ) ,  a r e  p e r h a p s  t h e  
m o s t  c o m p l e t e  a n d  v a l u a b l e .  T h e s e  u s e f u l  c r i t e r i a  i n c l u d e  ( 1 )  p a r t i a l  s o l u t i o n ,  ( 2 )  
m o u l d s ,  ( 3 )  i n h o m o g e n e i t y  o f  p a c k i n g ,  ( 4 )  o v e r s i z e d  p o r e s ,  ( 5 )  e l o n g a t e  p o r e s ,  ( 6 )  
c o r r o d e d  g r a i n s ,  ( 7 )  i n t r a - c o n s t i t u e n t  p o r e s ,  a n d  ( 8 )  f r a c t u r e d  g r a i n s .  T h e  o r i g i n  o f  
s e c o n d a r y  p o r o s i t y  w a s  a t t r i b u t e d  b y  S c h m i d t  a n d  M c D o n a l d  ( 1 9 7 9 b )  t o  f i v e  
d i f f e r e n t  p r o c e s s e s .  T h e y  a r e  ( 1 )  f r a c t u r i n g  ,  ( 2 )  s h r i n k a g e ,  ( 3 )  d i s s o l u t i o n  o f  
s e d i m e n t a r y  g r a i n s  a n d  m a t r i x ,  ( 4 )  d i s s o l u t i o n  o f  a u t h i g e n i c  p o r e - f i l l i n g  c e m e n t ,  
a n d  ( 5 )  d i s s o l u t i o n  o f  a u t h i g e n i c  r e p l a c i v e  m i n e r a l s .  O f  t h e m ,  d i s s o l u t i o n  i s  t h e  
m o s t  i m p o r t a n t  p r o c e s s .  
T h e  f o r m a t i o n  o f  s e c o n d a r y  p o r o s i t y  w a s  a l s o  d i s c u s s e d  b y  S u r d a m  e t  a l .  ( 1 9 8 4 )  
a n d  B j " r l y k k e  ( 1 9 8 4 ) .  T h e  f o r m e r  m a i n l y  d i s c u s s e d  t h e  s e c o n d a r y  p o r o s i t y  f r o m  
c h e m i c a l  v i e w p o i n t s .  L i k e  S c h m i d t  a n d  M c D o n a l d  ( 1 9 7 9 b ) ,  B j "  r l y k k e  a l s o  
c o n s i d e r e d  d i s s o l u t i o n  a s  t h e  m a j o r  p r o c e s s  o f  p o r o s i t y  e n h a n c e m e n t .  I n  t h e  
d i s s o l u t i o n  p r o c e s s  C O
2  
p l a y s  a  v e r y  i m p o r t a n t  r o l e .  U n s t a b l e  p a r t i c l e s  a r e  
d i s s o l v e d  b y  m e t e o r i c  w a t e r  a t  i n i t i a l  b u r i a l  o r  b y  f o r m a t i o n  w a t e r  r i c h  i n  C O
2  
a t  
d e e p e r  b u r i a l .  B u t  a c c o r d i n g  t o  B j " r l y k k e ,  C O
2
,  w h i c h  i s  r e l e a s e d  f r o m  
d e c a r b o x y l a t i o n  o f  k e r o g e n  a t  d e e p e r  b u r i a l ,  i s  n o t  e n o u g h  t o  p r o d u c e  t h e  
o b s e r v e d  l e a c h i n g  o f  f e l d s p a r  a n d  c a r b o n a t e s  i n  s o m e  s e d i m e n t a r y  b a s i n s .  T h u s  
h e  p r o p o s e d  t w o  a l t e r n a t i v e  p r o c e s s e s  t o  e x p l a i n  l a r g e  s c a l e  l e a c h i n g  o f  
c a r b o n a t e s  a n d  f e l d s p a r s .  O n e  i s  t h e  c l a y  r e a c t i o n s  i n c l u d i n g  t h e  t r a n s f o r m a t i o n  o f  
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k a o l i n i t e  a n d  s m e c t i t e  t o  i I I i t e  r e l e a s i n g  H + a n d  t h e  o t h e r  i s  t h e  r e a c t i o n s  b e t w e e n  
c l a y  a n d  c a r b o n a t e s  r e l e a s i n g  C O
2
,  
T h e  d i s s o l u t i o n  p r o c e s s  g e n e r a l l y  c r e a t e s  t h e  m a j o r i t y  o f  s e c o n d a r y  p o r o s i t y .  I t  c a n  
t a k e  p l a c e  b o t h  a t  s h a l l o w  d e p t h  a n d  a t  d e e p  b u r i a l .  H o w e v e r ,  S c h m i d t  a n d  
M c D o n a l d  ( 1 9 7 9 a ,  b )  d i s c o u n t e d  t h e  s h a l l o w  d i s s o l u t i o n  p r o c e s s  b y  m e t e o r i c  w a t e r  
r i c h  i n  C O
2  
a s  b e i n g  i m p o r t a n t .  T h e i r  i n t e r p r e t a t i o n  t h a t  t h e  s e c o n d a r y  p o r o s i t y  i n  
t h e  J u r a s s i c  B r e n t  s a n d s t o n e s  o f  t h e  N o r t h  S e a  r e s u l t e d  f r o m  l a t e r  f o r m e d  C O
2  
b y  
k e r o g e n  m a t u r a t i o n  w a s  c h a l l e n g e d  b y  B j ' H l y k k e  e t  a l .  ( 1 9 7 9 )  w h o  i n t e r p r e t e d  t h a t  
t h e  l e a c h i n g  p r o c e s s ,  w h i c h  m a y  h a v e  t a k e n  p l a c e  e a r l y ,  w a s  r e s p o n s i b l e  f o r  t h e  
f o r m a t i o n  o f  s e c o n d a r y  p o r o s i t y  i n  t h e s e  s a n d s t o n e s .  
2 . 4  P E R M E A B I L I T Y  
I t  i s  d e f i n e d  a s  t h e  p r o p e r t y  o f  a  m e d i u m  o f  a l l o w i n g  f l u i d s  t o  p a s s  t h r o u g h  i t  w i t h o u t  
c h a n g e  i n  t h e  s t r u c t u r e  o f  t h e  m e d i u m  o r  d i s p l a c e m e n t  o f  i t s  p a r t s  ( N o r t h ,  1 9 8 5 ,  
p . 1 2 1 ) .  P o r o s i t y  a n d  p e r m e a b i l i t y  c o m p r i s e  t h e  t w o  m o s t  i m p o r t a n t  c r i t e r i a  f o r  
m e a s u r i n g  t h e  q u a l i t y  o f  o i l  r e s e r v o i r s .  
F a c t o r s  a f f e c t i n g  p e r m e a b i l i t y  m a y  b e  d i f f e r e n t  f r o m  t h o s e  a f f e c t i n g  p o r o s i t y .  F o r  
e x a m p l e ,  a  f e w  p e r c e n t  o f  a u t h i g e n i c  c l a y  m i n e r a l s  c a n  g r e a t l y  r e d u c e  p e r m e a b i l i t y  
o f  a  s a n d s t o n e  b u t  i t  h a s  l i t t l e  i n f l u e n c e  o n  p o r o s i t y  ( A l m o n  a n d  D a v i e s ,  1 9 7 9 ) .  
T h u s  p e r m e a b i l i t y  d o e s  n o t  h a v e  a  d e f i n i t e  r e l a t i o n s h i p  w i t h  p o r o s i t y .  H o w e v e r ,  
h i g h e r  p e r m e a b i l i t y  g e n e r a l l y  c o r r e s p o n d s  t o  h i g h e r  p o r o s i t y  i n  s a n d s t o n e s .  
P e r m e a b i l i t y  a n d  p o r o s i t y  d a t a  f r o m  t h e  W i l c o x  G r o u p  o f  t h e  G u l f  C o a s t  s h o w s  t h a t  
p e r m e a b i l i t y  g e n e r a l l y  i n c r e a s e s  w i t h  p o r o s i t y  ( L o u c k s  e t  a l . ,  1 9 8 4 ) .  T h i s  i s  a l s o  t h e  
c a s e  f o r  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  ( s e e  C h a p t e r  8 ) .  
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C H A P T E R  T H R E E  
S T U D Y  A I M S ,  D A T A  B A S E  A N D  M E T H O D O L O G Y  
3 . 1  S T U P Y  A I M S  
T h e  m a i n  a i m s  o f  t h i s  s t u d y  a r e  t o  d i s c u s s  p e t r o l o g y  a n d  d i a g e n e s i s  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  a n d  t o  a s s e s s  t h e  p o t e n t i a l  o f  t h e s e  s a n d s t o n e s  a s  
h y d r o c a r b o n  r e s e r v o i r s .  M o r e  s p e c i f i c a l l y ,  t h e y  c a n  b e  s t a t e d  a s  s e v e n  p o i n t s .  
1 )  B a s i c  f a c i e s  a n a l y s e s  o f  t h e  N a r r a b e e n  G r o u p  b a s e d  o n  t h e  g e o l o g i c a l  l o g g i n g  
a n d  a v a i l a b l e  g e o p h y s i c a l  l o g s .  
2 )  Q u a n t i t a t i v e  a n a l y s e s  o f  p e t r o l o g y  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  i n  t h e  
w h o l e  S y d n e y  B a s i n  t o  e s t a b l i s h  c o m p o s i t i o n a l  v a r i a t i o n s  o f  t h e s e  s a n d s t o n e s  
v e r t i c a l l y  f r o m  t h e  b o t t o m  t o  t h e  t o p  o f  t h e  g r o u p  a n d  r e g i o n a l l y  a c r o s s  t h e  b a s i n ,  
a n d  t o  d e d u c e  t h e  d e t r i t a l  s o u r c e s  f o r  t h e  s e d i m e n t s .  
3 )  I d e n t i f i c a t i o n  o f  a u t h i g e n i c  m i n e r a l s ,  e s t a b l i s h m e n t  o f  p a r a g e n e t i c  s e q u e n c e  f o r  
a u t h i g e n i c  m i n e r a l s  a n d  d i s c u s s i o n  o f  d i a g e n e t i c  h i s t o r y .  
4 )  S t a b l e  i s o t o p e  ( o x y g e n ,  c a r b o n  a n d  d e u t e r i u m )  a n a l y s e s  o f  d i a g e n e t i c  c l a y s ,  
c a r b o n a t e s  a n d  q u a r t z  o v e r g r o w t h s ,  a n d  p o t a s s i u m  I  a r g o n  a g e  d a t i n g  o f  
a u t h i g e n i c  i l l i t e s  i n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  t o  c o n s t r a i n  t e m p e r a t u r e  a n d  
p o r e  w a t e r  c h e m i s t r y .  
5 )  H o m o g e n i s a t i o n  t e m p e r a t u r e  a n d  i c e  m e l t i n g  p o i n t  t e m p e r a t u r e  m e a s u r e m e n t s  
o f  a q u e o u s  f l u i d  i n c l u s i o n s  w i t h i n  q u a r t z  o v e r g r o w t h s  t o  c o n s t r a i n  f o r m a t i o n  
t e m p e r a t u r e s  o f  q u a r t z  o v e r g r o w t h s ,  t o  d e d u c e  h e a t  f l o w  h i s t o r y ,  a n d  t o  c a r r y  o u t  
k i n e t i c  c h e m i c a l  m o d e l l i n g  o f  h y d r o c a r b o n  g e n e r a t i o n .  
6 )  C o m b i n i n g  p e t r o l o g i c a l  o b s e r v a t i o n  d a t a  w i t h  s t a b l e  i s o t o p e  a n d  f l u i d  i n c l u s i o n  
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d a t a  t o  c o n s t r u c t  p o r e  f l u i d  c h e m i c a l  e v o l u t i o n  w i t h  t i m e  a n d  t e m p e r a t u r e .  
7 )  L a b o r a t o r y  m e a s u r e m e n t  o f  p o r o s i t y  a n d  p e r m e a b i l i t y  o f  s e l e c t e d  s a n d s t o n e s  o f  
t h e  N a r r a b e e n  G r o u p .  I n t e g r a t i n g  t h e s e  d a t a  w i t h  a l l  o t h e r  d a t a  t o  d i s c u s s  t h e  
p o t e n t i a l  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  a s  h y d r o c a r b o n  r e s e r v o i r s .  
3 . 2  D A T A  B A S E  
I n  t h e  S y d n e y  B a s i n  t h e r e  a r e  p l e n t y  o f  b o r e h o l e s  f r o m  c o a l  a n d  p e t r o l e u m  
e x p l o r a t i o n  a c t i v i t i e s .  F o r  t h e  c u r r e n t  s t u d y ,  2 6  b o r e h o l e s  ( r e p r e s e n t e d  b y  2 6  c a p i t a l  
l e t t e r s ,  T a b l e  3 - 1 )  a r e  s e l e c t e d .  T h e y  w e r e  s e l e c t e d  t o  a l l o w  s t u d y  o f  b o t h  t h e  
r e g i o n a l  a n d  l o c a l  v a r i a t i o n  i n  t h e  b a s i n  ( B o r e h o l e s  K  a n d  V  a r e  i n  t h e  a d j a c e n t  
G u n n e d a h  B a s i n  b u t  n e a r  t h e  b o r d e r  o f  t h e  t w o  b a s i n s )  ( F i g  3 - 1 ) .  
D e t a i l e d  1  : 1 0 0  g e o l o g i c a l  l o g g i n g  o f  7 6 4 8 . 5  m e t e r s  o f  c o r e s  f r o m  t h e  2 6  b o r e h o l e s ,  
w h i c h  c o v e r  a n  a r e a  o f  a b o u t  8 0  k m  x  2 4 0  k m ,  w a s  m a d e .  T h e  l o g g i n g  i n c l u d e s  
d e t a i l e d  b a S i c  l i t h o l o g i c a l  d e s c r i p t i o n  a n d  s e d i m e n t o l o g i c a l  a n a l y s e s  ( c o l o u r ,  g r a i n  
s i z e  e s t i m a t i o n ,  s e d i m e n t a r y  s t r u c t u r e ,  u p p e r  a n d  l o w e r  c o n t a c t s ,  v e r t i c a l  t e x t u r e  
p r o f i l e  a n d  a  p r e l i m i n a r y  i n t e r p r e t a t i o n  o f  t h e  g e n e t i c  f a c i e s  a s s o c i a t i o n s ) .  I t  f o r m s  
t h e  m a j o r  b a s i s  f o r  s e l e c t i n g  s a n d s t o n e  s a m p l e s  u s e d  i n  v a r i o u s  l a b o r a t o r y  s t u d i e s  
a n d  f a c i e s  i n t e r p r e t a t i o n .  T h e  i n t e r v a l  l o g g e d  i n  e a c h  b o r e h o l e  i s  l i s t e d  i n  T a b l e  3 -
1 .  
B a s e d  o n  t h e  g e o l o g i c a l  l o g g i n g ,  a  t o t a l  o f  4 1 7  s a n d s t o n e  s a m p l e s  w e r e  c o l l e c t e d  
f o r  d e t a i l e d  a n a l y s e s .  T h e  s a m p l i n g  p r i n c i p l e  w a s  t o  t a k e  s a m p l e s  f r o m  e v e r y  
s i g n i f i c a n t  c h a n g e  o f  s a n d s t o n e  l i t h o l o g y .  S a m p l e s  v a r y  f r o m  v e r y  f i n e  s a n d s t o n e s  
t o  v e r y  c o a r s e  s a n d s t o n e s .  T h e  s a m p l i n g  i n t e r v a l  i s  a b o u t  1 5 - 2 0  m e t e r s .  H o w e v e r ,  
m o r e  s a m p l e s  w e r e  s e l e c t e d  f r o m  r e l a t i v e l y  p o r o u s  s a n d s t o n e  i n t e r v a l s  o f  
B o r e h o l e s  W a n d  X .  T h e  s a m p l e  t a k e n  f r o m  t h e  d r i l l  c o r e  i s  a b o u t  8  c m  l o n g ,  w h i c h  
s u p p l i e s  e n o u g h  m a t e r i a l s  f o r  t h i n  s e c t i o n ,  S E M / E D X ,  X R D ,  m i c r o p r o b e ,  i s o t o p e ,  
f l u i d  i n c l u s i o n  s t u d i e s  a n d  p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s .  S a m p l e  n o .  i s  
Table 3-1 List of boreholes used in this project, their symbols, position (latitude and longitude), 
elevation relative to sea level, and interval logged in each borehole. 
Symbol Borehole Name Latitude Longitude Elevation Logging Interval 
to Sea Level (m) (m) 
A* DM Wollongong 45 34°16'55" 150051 '13" 308.00 110.00 - 366.80 
B* Coal Cliff DDH 17 34011 '00" 151°02'25" 217.32 85.00 -418.00 
C* Coal Cliff DDH 13 34°13'29" 150059' 49" 187.80 13.00 - 269.00 
D DM Jilliby CK DDH 1 33°06' 151 021 ' 51.82 40.00 - 308.00 
E DM Brush CK DDH 1 33°09' 151016' 41.12 98.00 - 397.00 
F DM Murrays Run DDH 1 33°06' 151 011' 134.51 40.00 - 759.00 
G AOG Higher MacDonald 1 33°13' 150°56' 17.70 533.50 - 600.00 
H* MIH ST Albans DDH 1 33021 '27" 150°58'39" 7.62 304.00 - 710.00 
NW Oil Longley DDH 1 33°21 ' 151 017' 276.70 294.00 - 905.00 
J* DM Cape Banks DDH 1 33°59'26" 151°14'59" 21.50 448.40 - 688.00 
K DM Doyles CK DDH 10 32016' 150°38" 140.00 23.00 - 120.00 
L* DM Liverpool DDH 91 33°59'59" 150059' 4 7" 85.00 260.00 - 765 .00 
M Stevens Cape Three Pts 33°29' 151 026' 67.00 91.50 - 609.70 
N* Armco lIIawarra DDH 8 34°37'46" 150°32'1 " 701.12 152.00 - 201.00 
0 South Colah DDH 1 n.a. n.a. 147.00 278.00 - 760.00 
P* Moonshine DDH 9 34°14'07" 150040' 10" . 208.79 420.00 - 470.00 
Q Victoria Park 1 n.a. n.a. n.a. 415.00 - 462.50 
R* DM Never Never DDH 1 32°45'52" 150°14'47" n.a. 3.00 - 128.00 
S DM Howes Valley DDH 32052' 150048' 155.92 446.00 - 657.00 .1>0 
.1>0 
Symbol Borehole Name Latitude Longitude Elevation Logging Interval 
to Sea Level (m) (m) 
r Wancol Mt Tomah DOH 1 33°29'21 " 150°29'02" 460.00 307.70 -449.00 
U' OM Coolamin DOH 1 32052'10" 151°04'38" 99.50 112.00 -371.00 
V OM Ooyles CK DOH 4 32032' 150°56' 177.10 9.00 - 68.00 
WO Weromba 2 33°59'47" 150°33'25" 301.00 175.00 - 534.50 
X' Cobbitty 3 34°00'15" 150°39'01" 78.70 273.50 - 692.60 
y' Campbelltown 5 340 01 '14" 150°45'31 " 94.80 343.00 - 778.00 
Z· Campbelltown 2 34°03'43" 1500 47'07" 121.80 340.00 - 776.00 
• Latitude and longitude are converted from co-ordinates in the ISG grid. 
n.a. = not available. 
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o  2 0  4 0  k m  
F i g  3 - 1  L o c a t i o n s  o f  b o r e h o i e s  u s e d  i n  t h i s  s t u d y .  
( M o d i f i e d  f r o m  G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 )  
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n a m e d  b y  t h e  b o r e h o l e  l e t t e r  a n d  t h e n  d r i l l i n g  d e p t h  ( i n  m e t e r s )  a t  w h i c h  t h e  
s a m p l e  w a s  s e l e c t e d .  F o r  e x a m p l e ,  X 5 3 1 . 9  m e a n s  t h a t  t h e  s a m p l e  i s  f r o m  
B o r e h o l e  X  ( C o b b i t t y  3 )  a t  a  d r i l l i n g  d e p t h  o f  5 3 1 . 9  m .  
T h i n  s e c t i o n s  w e r e  c u t  f o r  a l l  t h e  4 1 7  s a n d s t o n e  s a m p l e s  a n d  e x a m i n e d  u n d e r  a  
p e t r o l o g i c a l  m i c r o s c o p e .  O f  t h e  4 1 7  s a m p l e s ,  3 2 4  w e r e  s e l e c t e d  f o r  q u a n t i t a t i v e  
e v a l u a t i o n  o f  c o m p o s i t i o n  a n d  v i s i b l e  p o r o s i t y  ( p o i n t  c o u n t i n g ) ,  1 6 7  f o r  S E M / E D X  
e x a m i n a t i o n s ,  6 3  f o r  X R D  s t u d i e s ,  2 0  f o r  m i c r o p r o b e  a n a l y s e s ,  9  f o r  i s o t o p e  
m e a s u r e m e n t s ,  4  f o r  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n s ,  a n d  1 7 5  f o r  p o r o s i t y  a n d  
p e r m e a b i l i t y  m e a s u r e m e n t s .  T h e  m a j o r i t y  o f  t h e  s a m p l e s  s u b j e c t  t o  S E M / E D X  
e x a m i n a t i o n s  a n d  I  o r  p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s  a r e  f r o m  t h e  3 2 4  
s a m p l e s  w h i c h  u n d e r w e n t  p o i n t  c o u n t i n g .  T h e  s a m p l e s  s t u d i e d  b y  X R D  a n d  I  o r  
m i c r o p r o b e  w e r e  s e l e c t e d  f r o m  t h e  1 6 7  s a m p l e s  e x a m i n e d  u n d e r  t h e  S E M / E D X .  
T h e  9  s a m p l e s  f o r  i s o t o p e  m e a s u r e m e n t s  w e r e  c h o s e n  f r o m  t h o s e  s u b j e c t  t o  b o t h  
p o i n t  c o u n t i n g  a n d  S E M / E D X  e x a m i n a t i o n s .  T h e  4  s a m p l e s  f o r  f l u i d  i n c l u s i o n  
i n v e s t i g a t i o n s  w e r e  s e l e c t e d  f r o m  t h e s e  9  s a m p l e s .  T h e  s a m p l e s  u s e d  i n  t h i s  
p r o j e c t ,  t o g e t h e r  w i t h  a  l i s t  o f  t h e  a n a l y s e s  p e r f o r m e d ,  a r e  p r e s e n t e d  i n  A p p e n d i x  I .  
G e o p h y s i c a l  d a t a  a r e  a l s o  a v a i l a b l e  f o r  t h e  s t u d y .  T h e y  a r e  w i r e l i n e  l o g s ,  w h i c h  
i n c l u d e  s p o n t a n e o u s  p o t e n t i a l ,  c o n v e n t i o n a l  r e s i s t i v i t y ,  g a m m a  r a y  a n d  n e u t r o n  
l o g s  w i t h  t h e  l a t t e r  t w o  b e i n g  m o r e  u s e f u l .  F o r  t h e  c u r r e n t  s t u d y  t h e s e  w i r e l i n e  l o g s  
a r e  u s e d  t o  c o n f i n e  t h e  g e o l o g i c a l  l o g g i n g  a n d  a i d  f a c i e s  a n a l y s e s .  
3 , 3  M E T H O p O L O G Y  
B j 0 r l y k k e  ( 1 9 8 3 )  m a d e  a  s u m m a r y  o f  t h e  p r i n c i p a l  m e a n s  u s e d  i n  t h e  s t u d y  o f  
s a n d s t o n e  d i a g e n e s i s .  T h e y  i n c l u d e  t h e  p e t r o l o g i c  m i c r o s c o p e ,  t h e  p o r e c a s t ,  t h e  
s c a n n i n g  e l e c t r o n  m i c r o s c o p y  ( S E M ) ,  t h e  m i c r o p r o b e ,  c a t h o d o l u m i n e s c e n c e ,  X - r a y  
d i f f r a c t i o n  ( X R D ) ,  a n d  s t a b l e  i s o t o p e .  T h e  p e t r o l o g i c a l  m i c r o s c o p e  i s  s t i l l  t h e  m o s t  
u s e f u l  t o o l  i n  t h e  s t u d y  o f  s a n d s t o n e  d i a g e n e s i s .  S E M  h a s  b e c o m e  t h e  m o s t  u s e f u l  
t o o l  i n  d e l i n e a t i n g  t h e  d e l i c a t e  f e a t u r e s  o f  s a n d s t o n e s  ( e . g .  m i c r o p o r o s i t y  a n d  
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a u t h i g e n i c  c l a y  m i n e r a l s ) .  X R D  i s  o f  m u c h  v a l u e  i n  c o r r e c t l y  i d e n t i f y i n g  c l a y  
m i n e r a l s  a n d  s e m i - q u a n t i t a t i v e l y  s t u d y i n g  t h e m .  
I n  t h i s  p r o j e c t ,  a  n u m b e r  o f  t e c h n i q u e s  a r e  u s e d .  T h e y  r a n g e  f r o m  t h e  p e t r o l o g i c a l  
m i c r o s c o p e  t o  t h e  m o r e  r e c e n t l y  d e v e l o p e d  t e c h n i q u e  - s t a b l e  i s o t o p e  /  K - A r  a g e  
d a t i n g  o f  i l l i t e  a n d  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n s .  I n  a d d i t i o n  t o  t h e s e ,  o t h e r  
t e c h n i q u e s  i n c l u d e  X - r a y  d i f f r a c t i o n  ( X R D ) ,  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  ( S E M )  
a n d  e n e r g y  d i s p e r s i v e  X - r a y  a n a l y s e s  ( E D X ) ,  m i c r o p r o b e ,  a n d  p o r o s i t y  a n d  
p e r m e a b i l i t y  m e a s u r e m e n t .  
S a m p l e  p r e p a r a t i o n  a n d  m e t h o d o l o g y  f o r  e a c h  o f  t h e s e  t e c h n i q u e s  w i l l  b e  
d e s c r i b e d  i n  t h e  r e l e v a n t  c h a p t e r ,  N a m e l y ,  C h a p t e r  5  - p e t r o l o g i c a l  m i c r o s c o p e  
s t u d i e s ,  C h a p t e r  6  - S E M l E D X ,  X R D  a n d  m i c r o p r o b e  a n a l y s e s ,  C h a p t e r  7  - i s o t o p e  
g e o c h e m i s t r y  a n a l y s e s  a n d  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n s ,  a n d  C h a p t e r  8  - p o r o s i t y  
a n d  p e r m e a b i l i t y  m e a s u r e m e n t s .  
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C H A P T E R  F O U R  
S T R A T I G R A P H I C  U N I T S  A N D  F A C I E S  A N A L Y S E S  O F  T H E  N A R R A B E E N  G R O U P  
4 . '  S I B A T I G R A P H I C  U N I T S  
A  c o m p l e x  v a r i e t y  o f  l i t h o  l o g i c a l  a n d  p a l e o e n v i r o n m e n t a l  f a c i e s  w i t h i n  t h e  
N a r r a b e e n  G r o u p  h a v e  r e s u l t e d  i n  a  c o m p l e x  a n d  b e w i l d e r i n g  s t r a t i g r a p h i c  
n o m e n c l a t u r e  f o r  t h e  g r o u p  ( H e r b e r t ,  1 9 8 0 a ) .  I n  d i f f e r e n t  a r e a s  o f  t h e  b a s i n ,  
d i f f e r e n t  n o m e n c l a t u r e s  w e r e  p r o p o s e d  ( s e e  F i g  1 - 4 ) .  I n  t h e i r  r e c e n t  S y d n e y  B a s i n  
r e s e r v o i r  s t u d i e s ,  G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 )  e s t a b l i s h e d  a  n e w  s u b d i v i s i o n  
s c h e m e  f o r  t h e  N a r r a b e e n  G r o u p .  U s i n g  n e u t r o n  a n d  g a m m a  r a y  g e o p h y s i c a l  l o g s ,  
t h e y  s u b d i v i d e d  t h i s  g r o u p  ( e x c l u d i n g  G a r i e  a n d  N e w p o r t  F o r m a t i o n s )  i n t o  f i v e  
o p e r a t i o n a l  u n i t s :  W o m b a r r a  ( W O ) ,  S c a r b o r o u g h  ( S C ) ,  L o w e r  B u l g o  ( L B ) ,  U p p e r  
B u l g o  ( U B ) ,  a n d  B a l d  H i l l  ( B H )  O p e r a t i o n a l  U n i t s  ( F i g  4 - 1 ) .  E a c h  u n i t  i s  d e f i n e d  b y  
c h a r a c t e r i s t i c  d e p o s i t i o n a l  s t y l e  a n d  g e o p h y s i c a l  l o g  p a t t e r n  ( F i g  4 - 2 ) .  T h e  
b o u n d a r i e s  o f  t h e  u n i t s  a r e  m a r k e d  b y  t h e  c h a r a c t e r i s t i c  p e a k s  o r  l o w s  i n  t h e  
n e u t r o n  a n d  g a m m a  r a y  l o g s .  T h e  d e f i n e d  o p e r a t i o n a l  u n i t s  c a n  b e  r e g a r d e d  a s  
t i m e  - s t r a t i g r a p h i c  u n i t s  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) .  T h e i r  c o r r e l a t i o n  w i t h  t h e  
c o n v e n t i o n a l  s t r a t i g r a p h i c  u n i t s  i n t r o d u c e d  b y  p r e v i o u s  r e s e a r c h e r s  i s  s h o w n  i n  F i g  
4 - 3 .  T h i s  s u b d i v i s i o n  s c h e m e  i s  f o l l o w e d  i n  t h i s  t h e s i s  f o r  i t s  n o m e n c l a t u r e  
c o n s i s t e n c e  t h r o u g h o u t  t h e  b a s i n .  P e t r o l o g y  a n d  r e s e r v o i r  p o t e n t i a l  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  w i l l  b e  d e s c r i b e d  u n d e r  t h i s  s t r a t i g r a p h i c  s u b d i v i s i o n  
f r a m e w o r k .  T h e  f o l l o w i n g  d e s c r i p t i o n  o f  t h e  f i v e  o p e r a t i o n a l  u n i t s  i s  s u m m a r i s e d  
f r o m  H a m i l t o n  e t  a l .  ( 1 9 8 7 )  a n d  G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 ) .  
4 . 1 . 1  W O M B A R R A  O P E R A T I O N A L  U N I T  
T h i s  o p e r a t i o n a l  u n i t  i s  t h e  l o w e r m o s t  p a r t  o f  t h e  N a r r a b e e n  G r o u p  a n d  
c o n f o r m a b l y  o v e r l i e s  t h e  P e r m i a n  C o a l  M e a s u r e s .  I n  t h e  g e o p h y s i c a l  l o g s ,  t h e  
b a s e  o f  t h e  u n i t  i s  m a r k e d  b y  a  s t r o n g  l o w  o n  b o t h  t h e  g a m m a  r a y  a n d  n e u t r o n  l o g s  
( F i g  4 - 1 ) .  I n  b o r e  c o r e s ,  i t  w a s  r e c o g n i s e d  b y  t h e  s u d d e n  a b s e n c e  o f  c o a l  s e a m s  
f r o m  t h e  P e r m i a n  C o a l  M e a s u r e s  t o  t h e  N a r r a b e e n  g r o u p .  T h e  i n f o r m a l l y  k n o w n  
F i g  4 - 1  
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N a r r a b e e n  G r o u p .  T h e  l e f t  h a n d  l o g  i s  G a m m a  R a y  a n d  t h e  r i g h t  
h a n d  l o g  i s  N e u t r o n .  ( A f t e r  G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 )  
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F i g  4 - 3  C o r r e l a t i o n  c h a r t  f o r  u p p e r m o s t  P e r m i a n  a n d  T r i a s s i c  s t r a t a  o f  
t h e  S y d n e y  B a s i n  ( A f t e r  G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) .  
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" W "  m a r k e r  i s  t a k e n  a s  t h e  t o p  o f  t h e  u n i t .  I t  g e n e r a l l y  r e p r e s e n t s  a  t h i c k  s h a l y  b r e a k  
i n  t h e  s e q u e n c e .  I t  a l s o  m a r k s  t h e  l o g  p a t t e r n  c h a n g e  f r o m  t y p e  I  l o g  f a c i e s  t o  t y p e  1 1  
l o g  f a c i e s  ( F i g s  4 - 1  &  4 - 2 ) .  
4 . 1 . 2  S C A R B O R O U G H  O P E R A T I O N A L  U N I T  
T h i s  o p e r a t i o n a l  u n i t  o v e r l i e s  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t  a n d  i s  s e p a r a t e d  f r o m  
t h e  o v e r l y i n g  L o w e r  B u l g o  O p e r a t i o n a l  U n i t  b y  t h e  i n f o r m a l l y  k n o w n  " g r e e n  
m a r k e r " ,  w h i c h  c o r r e s p o n d s  t o  a  s t r o n g  p e a k  i n  t h e  g a m m a  r a y  l o g  ( F i g  4 - 1 ) .  I t  
g e n e r a l l y  r e p r e s e n t s  a  s h a l y  h o r i z o n .  H o w e v e r ,  t h e  m a r k e r  i s  n o t  l i t h o  l o g i c a l l y  
c o n t r o l l e d .  F o r  e x a m p l e ,  i n  B o r e h o l e  W ,  i t  r e p r e s e n t s  a  v e r y  f i n e  s a n d s t o n e  h o r i z o n .  
H a m i l t o n  e t  a l .  ( 1 9 8 7 )  a t t r i b u t e d  t h e  a n o m a l y  t o  a  c o n t e m p o r a n e o u s  s c a t t e r i n g  o f  
r a d i o a c t i v e  m a t e r i a l ,  w h i c h  i s  p r o b a b l y  c a u s e d  b y  a  v o l c a n i c  e r u p t i o n  o r  s i m i l a r  
e v e n t .  
4 . 1 . 3  L O W E R  B U L G O  O P E R A T I O N A L  U N I T  
T h i s  u n i t  i n c l u d e s  t h e  s t r a t a  o v e r l y i n g  t h e  " g r e e n  m a r k e r '  u p  t o  t h e  i n f o r m a l l y  
t e r m e d  " b r o w n  m a r k e r " ,  w h i c h  i s  a  r e g i o n a l l y  p e r s i s t  m a r k e r  a n d  r e p r e s e n t s  a  s h a l y  
h o r i z o n  i n  t h e  s e q u e n c e .  I n  g e o p h y s i c a l  l o g s ,  i t  c o r r e s p o n d s  t o  a  g a m m a  p e a k  
w i t h i n  t h e  h i g h l y  s e r r a t e  l o g  p a c k a g e  ( F i g  4 - 1 ) .  T h e  m a r k e r  d o e s  n o t  h a v e  a n y  
d e p o s i t i o n a l  m e a n i n g  s i n c e  t h e  d e p o s i t i o n a l  s t y l e  a b o v e  a n d  b e l o w  i t  i s  e s s e n t i a l l y  
t h e  s a m e  ( H a m i l t o n  e t  a I . ,  1 9 8 7 ) .  
4 . 1 . 4  U P P E R  B U L G O  O P E R A T I O N A L  U N I T  
T h i s  o p e r a t i o n a l  u n i t  i n c l u d e s  t h e  s t r a t a  e x t e n d i n g  f r o m  t h e  " b r o w n  m a r k e r "  t o  t h e  
b a s e  o f  t h e  o v e r l y i n g  B a l d  H i l l  O p e r a t i o n a l  U n i t ,  w h i c h  m a r k s  t h e  s u d d e n  c h a n g e  o f  
l o g  f a c i e s  f r o m  t h e  h i g h l y  s e r r a t e  t y p e  t o  t h e  b l o c k y  m o t i f  o f  t h e  B a l d  H i l l  
O p e r a t i o n a l  U n i t .  
4 . 1 . 5  B A L D  H I L L  O P E R A T I O N A L  U N I T  
T h i s  u n i t  i s  c h a r a c t e r i s e d  b y  t h e  c h o c o l a t e  c o l o u r e d  c l a y s t o n e s  w i t h i n  i t .  I t  o v e r l i e s  
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t h e  U p p e r  B u l g o  O p e r a t i o n a l  U n i t  a n d  i t s  t o p  i s  m a r k e d  b y  t h e  i n f o r m a l l y  k n o w n  
" B a l d  H i l l "  m a r k e r .  T h e  m a r k e r  i s  r e c o g n i s e d  o n  g e o p h y s i c a l  l o g s  b y  a  l o w  o n  t h e  
n e u t r o n  l o g  a n d  s t r o n g  g a m m a  s p i k e  ( F i g  4 - 1 ) .  L i t h o l o g i c a l l y  i t  c o r r e l a t e s  t o  a  
d i s t i n c t i v e  p e l l e t o i d a l  c l a y s t o n e  h o r i z o n .  
4 . 2  E A C I E S  A N A L Y S E S  
4 . 2 . 1  S T R A T I G R A P H I C  C O R R E L A T I O N  
I n  t h i s  s t u d y ,  t w e n t y - s i x  b o r e h o l e s  a r e  s e l e c t e d  w i t h  2 4  i n  t h e  S y d n e y  B a s i n  a n d  t h e  
o t h e r  2  i n  t h e  a d j a c e n t  G u n n e d a h  B a s i n  ( F i g  4 - 4 ) .  F i v e  o f  t h e  2 6  b o r e  h o l e s  
( B o r e h o l e s  C ,  K ,  L ,  R ,  a n d  V )  w e r e  n o t  u s e d  b y  G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 ) .  O f  
t h e  o t h e r  2 1  b o r e h o l e s ,  n i n e  ( B o r e h o l e s  A ,  B ,  D ,  E ,  F ,  H ,  I ,  J ,  a n d  S )  a r e  f r o m  t h e  1 5  
k e y  b o r e h o l e s  u s e d  b y  t h e m .  D e t a i l e d  1 : 1 0 0  g e o l o g i c a l  l o g g i n g  o f  e a c h  o f  t h e  2 6  
b o r e h o l e s  w a s  m a d e .  T h e  l o g g i n g  i n c l u d e s  b a s i c  l i t h o l o g i c a l  d e s c r i p t i o n  a n d  
d e t a i l e d  s e d i m e n t o l o g i c a l  a n a l y s e s  ( c o l o u r ,  g r a i n  s i z e  e s t i m a t i o n ,  s e d i m e n t a r y  
s t r u c t u r e ,  u p p e r  a n d  l o w e r  c o n t a c t s ,  v e r t i c a l  t e x t u r e  a n d  a  p r e l i m i n a r y  i n t e r p r e t a t i o n  
o f  t h e  g e n e t i c  f a c i e s  a s s o c i a t i o n s ) .  T h e  g e o l o g i c a l  l o g g i n g ,  t o g e t h e r  w i t h  a v a i l a b l e  
g e o p h y s i c a l  l o g s ,  f o r m  t h e  b a s e s  f o r  f a c i e s  a n a l y s e s .  A l s o  b a s e d  o n  t h e  g e o l o g i c a l  
l o g g i n g ,  t w o  w e s t  - e a s t  a n d  t h r e e  n o r t h  - s o u t h  s t r a t i g r a p h y  c o r r e l a t i o n  s e c t i o n s  
w e r e  d r a w n ,  a s  s h o w n  i n  F i g s  4 - 5  t o  4 - 9  ( e n c l o s u r e s ) .  T h e  l e g e n d s  f o r  F i g s  4 - 5  t o  
4 - 9  a r e  s h o w n  i n  F i g  4 - 1 0 .  F o r  t h e  2 1  b o r e h o l e s  a l s o  u s e d  b y  G a l l o w a y  a n d  
H a m i l t o n  ( 1 9 8 8 ) ,  t h e  b o u n d a r i e s  o f  t h e  f i v e  o p e r a t i o n a l  u n i t s  a r e  t a k e n  f r o m  t h e i r  
c o r r e l a t i o n  r e s u l t s  w i t h  t h o s e  i n  t h e  o t h e r  f i v e  b o r e h o l e s  b e i n g  c o r r e l a t e d  w i t h  
a d j a c e n t  b o r e h o l e s  b y  t h i s  a u t h o r .  T h e s e  b o u n d a r i e s  a r e  p r e s e n t e d  i n  T a b l e  4 - 1 .  
4 . 2 . 2  T E R M I N O L O G Y  
T h e  c l a s s i f i c a t i o n  a n d  s y s t e m a t i c  d e s c r i p t i o n  o f  t h e  c l a s t i c  r o c k s  a r e  b a s e d  o n  t h e  
W e n t w o r t h  - U d d e n  G r a d e  S c a l e  ( W e n t w o r t h ,  1 9 2 2 ) ,  w h i c h  p r o v i d e s  a  t h r e e  - f o l d  
s u b d i v i s i o n  o f  s e d i m e n t s  i n t o  g r a v e l ,  s a n d  a n d  m u d  ( s i l t  a n d  c l a y ) ,  a s  s h o w n  i n  
A p p e n d i x  1 1 .  T h e  d e f i n i t i o n  o f  e v e r y  t e r m  u s e d  i s  g i v e n  i n  t h e  b o o k  - A  G U I L D  T O  
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B o r e h o l e  l o c a t i o n s  a n d  c r o s s  s e c t i o n s .  
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a v a i l a b l e  
F i g  4 - 1 0  L e g e n d s  f o r  F i g s  4 - 5  t o  4 - 9 .  
5 7  
T a b l e  4 - 1  B o u n d a r i e s  o f  o p e r a t i o n a l  u n i t s  i n  t h e  2 6  b o r e h o l e s .  
B o r e h o l e  
D e p t h  ( m e a s u r e d  i n  m e t r e s )  i n t e r v a l  o f  o p e r a t i o n a l  u n i t s  
A #  1 1 3 . 3 3  B H  1 3 1 . 7 2  U B  2 0 7 . 5 8  L B  2 4 4 . 5 5  s e  3 2 8 . 1 3  w o  3 6 6 . 8 0  
B #  9 9 . 0 0  B H  1 1 9 . 2 8  U B  2 1 5 . 0 0  L B  2 7 9 . 0 0  s e  3 4 5 . 0 0  w o  4 1 5 . 0 0  
e *  
< 1 3 . 0 0  U B  7 4 . 2 0  L B  1 3 2 . 4 0  s e  2 0 5 . 2 5  w o  2 6 4 . 5 0  
D #  < 4 1 . 0 0  s e  1 8 9 . 0 0  w o  3 0 8 . 0 0  
E #  
< 1 0 0 . 0 0  s e  2 5 2 . 0 0  w o  3 9 2 . 0 0  
F #  4 2 . 0 0  B H  1 0 6 . 0 0  U B  2 6 3 . 0 0  L B  4 1 2 . 0 0  s e  5 6 6 . 0 0  w o  7 5 8 . 0 0  
G  
< 5 3 3 . 5 0  W O  5 9 5 . 0 0  
H #  
6 2 . 0 0  B H  1 3 8 . 0 0  U B  3 2 2 . 5 2  L B  4 2 9 . 0 0  s e  5 8 1 . 0 5  w o  7 0 3 . 7 9  
1 #  3 1 5 . 1 6  B H  3 7 6 . 6 1  U B  4 9 1 . 0 0  L B  6 1 9 . 2 0  s e  7 5 6 . 0 0  w o  9 0 2 . 8 2  
J #  
3 9 0 . 0 0  L B  4 6 3 . 0 0  s e  5 9 7 . 0 0  w o  6 8 3 . 5 0  
L *  
2 6 9 . 7 0  B H  3 0 8 . 0 0  U B  4 4 2 . 0 0  L B  5 2 4 . 5 0  s e  6 5 6 . 5 0  w o  7 6 2 . 0 0  
M  3 3 . 5 3  B H  9 8 . 7 5  U B  2 2 0 . 8 3  L B  3 3 1 . 8 5  s e  4 6 8 . 2 5  w o  6 0 9 . 7 0  
N  1 3 1 . 0 0  B H  1 4 3 . 0 0  U B  1 5 9 . 3 5  L B  1 6 9 . 5 6  s e  1 8 9 . 2 5  w o  2 0 0 . 4 6  
0  2 8 9 . 2 5  B H  3 2 2 . 8 4  U B  4 8 1 . 8 9  L B  5 4 5 . 9 0  s e  6 3 7 . 8 7  w o  7 5 5 . 9 0  
P  1 4 7 . 0 0  B H  1 9 5 . 0 0  U B  2 1 6 . 0 0  L B  3 0 0 . 0 0  s e  4 0 4 . 0 0  w o  4 5 7 . 8 0  
Q  
3 6 8 . 0 0  s e  4 2 0 . 3 1  w o  4 5 6 . 1 4  
R *  
3 . 0 0  W O  1 2 0 . 2 0  
s #  3 7 0 . 0 0  s e  5 5 1 . 0 0  w o  6 5 7 . 0 0  
T  1 8 6 . 0 0  s e  3 2 6 . 0 0  w o  4 4 9 . 0 0  
U  
5 9 . 4 5  s e  1 9 2 . 0 0  w o  3 5 4 . 8 5  
V *  
< 9 . 0 0  W O  6 7 . 4 0  
W  1 7 5 . 0 0  B H  2 3 7 . 0 0  U B  3 5 2 . 0 0  L B  4 0 0 . 0 0  s e  4 7 7 . 0 0  w o  5 3 0 . 0 0  
X  
2 7 5 . 7 9  B H  3 3 0 . 9 1  U B  4 4 8 . 6 9  L B  5 1 3 . 5 3  s e  6 0 6 . 5 2  w o  6 9 2 . 6 0  
y  
3 5 0 . 0 0  B H  3 8 7 . 0 0  U B  5 0 6 . 0 0  L B  5 8 3 . 0 0  s e  6 6 8 . 0 0  w o  7 7 6 . 0 0  
Z  
3 4 7 . 4 6  B H  3 9 0 . 7 0  U B  5 0 0 . 1 4  L B  5 6 9 . 2 7  s e  6 7 2 . 6 8  w o  7 7 6 . 0 0  
B H  =  B a l d  H i l l ,  U B  =  U p p e r  B u l g o ,  L B  =  L o w e r  B u l g o ,  s e  =  S c a r b o r o u g h  
W O  =  W o m b a r r a  O p e r a t i o n a l  U n i t .  
#  K e y  b o r e h o l e s  u s e d  b y  G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 ) .  
*  B o r e h o l e s  n o t  u s e d  b y  G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 ) .  
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CORED ROCKS IN THE SYDNEY BASIN by Ward et al. (1986). The following 
terms are defined here. 
Siltstone: a rock in which more than 75% of the framework particles are of silt size 
(0.06 to 0.004 mm ). The rock may be stratified (laminated) or massive. Although silt 
- sized particles can be differentiated from very fine sand by techniques such as the 
use of hand lens with a graticule scale, it is very difficulty to distinguish siltstone 
from very fine sandstone by visual examination. Therefore, siltstones are classified 
into very fine sandstones during geological logging of these boreholes. 
Claystone: It is a general term defined here. It refers to all rocks in which more than 
75 % of the particles are of clay size (less than 0.004 mm). It includes mudstone 
and shale. The former refers to the claystone which has a massive structure. The 
latter refers to the ciaystone which has a laminated structure. The claystone which 
has an observed amount of silts (less than 25 %) is called silty mudstone or silty 
shale. The definition of the three terms are slightly different from those given by 
Ward et al. (1986). 
4.2.3 FACIES ANALYSES 
A facies is a body of rock with specified characteristics (Reading, 1986). It can be 
used in a strictly observational sense, e.g. "cross-bedded sandstone facies" and 
"green mudstone facies". It can also be used in an interpretive sense, e.g. ''turbidite 
facies" for a rock or a suite of rocks which are thought to have resulted from turbidity 
currents, and "fluvial facies" for a rock or a suite of mixed rocks which are thought to 
have formed in a fluvial environment. Obviously facies analyses should be 
approached by observing facies relationships both laterally and vertically. 
The importance of facies relationships was recognised first by Walther in 1894 and 
emphasised by Walker (1984) and Reading (1986). Walther's Law of Facies (1894) 
states that "It is a basic statement of far-reaching significance that only those facies 
59 
and facies areas can be superimposed primarily which can be observed beside 
each other at the present time." As Middleton (1973) has pointed out, Walther 
stressed the law was applicable only to succession without major breaks. 
The introduction of the concept of a depositional system is a major advance in the 
study of facies and facies relationships since it provides a genetic basis for facies 
analyses. This concept was first introduced by Fisher and McGowen (1967) in their 
study of Tertiary Wilcox Group of Texas. A depositional system is a three 
dimensional assemblage of sedimentary facies linked genetically by inferred 
sedimentary environments and depositional processes (Fisher and Brown, 1984, 
cited in Hamilton, 1991). 
A detailed study of sedimentary facies of the Narrabeen Group was undertaken 
recently by Galloway and Hamilton (1988). On the basis of lithofacies maps, cross 
sections, core descriptions, outcrop analyses, and key summary papers (Bembrick, 
1980; Herbert, 1980a), they recognised five principal depositional systems within 
the Narrabeen Group (excluding Garie and Newport Formations); Wombarra 
lacustrine system, Munmorah fluvial system, Bulgo braidplain system, Patonga 
fluvial / lacustrine system, and Bald Hill fluvial system, which are named informally 
after the outcrop stratigraphic units displaying typical aspects of each depositional 
system. Figs 4-11 and 4-12 show the five depositional systems and their spatial 
relationships. As illustrated in these figures, two different depositional systems can 
interfinger at anyone time. This reflects the evolving importance of the New 
England Fold Belt provenance (Munmorah, Patonga) and the Lachlan Fold Belt 
provenance (Bulgo, Bald Hill). The provenance changes will be discussed in detail 
on the basis of sandstone petrology data in the next chapter. From isopach, net 
sandstone, percentage sandstone, and net conglomerate maps drawn for each 
operational unit of the Narrabeen Group, Galloway and Hamilton (1988) 
reconstructed the paleogeographic environment for each of the five units and the 
resultant maps are also published in a separate paper (Hamilton et aI., 1987). 
Fig 4-11 East-west correlation cross section showing boundaries (dashed lines) of the operational units and 
boundaries (solid lines) of the principal depositional systems. The section follows regional section 1. 
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Fig 4-12 North-south correlation cross section showing boundaries (dashed lines) of the operational units and 
boundaries (solid lines) of the principal depositional systems. The section follows regional section 5 
with Borehole C being excluded. 
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T h e  W O  u n i t ,  w h i c h  r a n g e s  i n  t h i c k n e s s  f r o m  1 1  t o  1 9 2  m ,  w a s  t h e  p r o d u c t  o f  a  b e d -
l o a d  t o  m i x e d - l o a d  f l u v i a l  s y s t e m  ( M u n m o r a h  f l u v i a l  s y s t e m )  w i t h  l o w  t o  m o d e r a t e  
s i n u o s i t y  ( F i g s  4 - 1 1  &  4 - 1 2 ) .  S e d i m e n t s  w e r e  p r i n c i p a l l y  d e p o s i t e d  i n  s o u t h w e s t e r l y  
f l o w i n g  t r i b u t a r y  s t r e a m s  e m a n a t i n g  f r o m  t h e  N e w  E n g l a n d  F o l d  B e l t  ( H e r b e r t ,  
1 9 8 0 a )  a n d  a  t r u n k  c o m p l e x  f l o w i n g  s o u t h  a n d  s o u t h e a s t e r l y  a l o n g  t h e  b a s i n  a x i s  
( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) .  T h e  s l i g h t  d o m i n a n c e  o f  d e t r i t a l  q u a r t z  o v e r  l i t h i c s  
i n  t h e  s a n d s t o n e s  i n  t h e  u p p e r  p a r t  o f  t h e  u n i t  i n  B o r e h o l e s  W a n d  X  a l o n g  t h e  
w e s t e r n  m a r g i n  o f  t h e  b a s i n  ( r e f e r  t o  F i g  5 - 4 1 )  s u g g e s t s  t h a t  t h e  L a c h l a n  F o l d  B e l t  
s u p p l y  q u a r t z o s e  d e t r i t u s  t o  t h i s  p a r t  o f  t h e  b a s i n  d u r i n g  t h e  d e p o s i t i o n  o f  t h e  u p p e r  
W O  u n i t .  
T h e  W O  u n i t  c o n s i s t s  o f  s a n d s t o n e s  a n d  s h a l e s  I  m u d s t o n e s  w i t h  c o n g l o m e r a t e s  
o c c u r r i n g  l o c a l l y .  T h e  r a t i o  o f  s a n d s t o n e s  t o  s h a l e s  I  m u d s t o n e s  v a r i e s  f r o m  o n e  
b o r e h o l e  t o  a n o t h e r .  I n  B o r e h o l e  0 ,  s h a l e s  I  m u d s t o n e s  d o m i n a t e  t h e  W O  u n i t  
w h e r e a s  i n  B o r e h o l e s  D ,  E ,  K ,  a n d  V ,  t h i s  u n i t  c o n s i s t s  l a r g e l y  o f  s a n d s t o n e s  a s  
w e l l  a s  c o n g l o m e r a t e s .  
T h e  s a n d s t o n e s  i n  t h i s  u n i t  a r e  d o m i n a t e d  b y  m e d i u m  t o  v e r y  c o a r s e ,  v o l c a n i c  l i t h i c  
- r i c h  s a n d s t o n e s .  T h e y  a r e  m a s s i v e  o r  c r o s s  b e d d e d .  S o m e  o f  t h e m  s h o w  
u n d i s t i n c t i v e  c r o s s  b e d d i n g .  A  s a n d s t o n e  f a c i e s  s h o w s  u p w a r d  d e c r e a s e  i n  g r a i n  
s i z e .  I t  m a y  b e  o v e r l a i n  b y  c l a y s t o n e  f a c i e s .  T h i s  v e r t i c a l  t e x t u r e  v a r i a t i o n  o f  
s a n d s t o n e s  i s  t y p i c a l  o f  c h a n n e l  f i l l  d e p o s i t s  i n  a  m e a n d e r i n g  f l u v i a l  c h a n n e l .  T h u s  
s a n d s t o n e s  i n  t h i s  u n i t  a r e  i n t e r p r e t e d  t o  b e  u p w a r d  f i n i n g  c h a n n e l  f i l l  o r  
a m a l g a m a t e d  c h a n n e l  f i l l  d e p o s i t s  ( F i g s  4 - 1 3  &  4 - 1 4 ) .  
I n  t h e  s o u t h e r n  a n d  w e s t e r n  p a r t s  o f  t h e  b a s i n ,  t h e  b a s a l  p a r t  o f  t h i s  u n i t  c o n s i s t s  o f  
d a r k  g r e y  t o  b l a c k  s h a l e s  a n d  i n t e r b e d d e d  v e r y  f i n e  s a n d s t o n e s  ( F i g  4 - 1 5 ) .  S o m e  
o f  t h e  s h a l e s  h a v e  l e n t i c u l a r  b e d d i n g .  T h e  i n t e r b e d d e d  v e r y  f i n e  s a n d s t o n e s  s h o w  
f l a s e r  b e d d i n g  a n d  I  o r  r i p p l e  c r o s s - l a m i n a t i o n .  T h e  s h a l e s  I  m u d s t o n e s  a n d  
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Fig 4-13 Amalgamated upward-fining channel-fill sandstone facies (centre of 
photograph) and inter-channel floodplain Ilacustrine mudstone I shale facies (left 
and right of photograph) in the WO unit in Borehole Z. Each core length is 
approximately 1.1 m. The number on the wood block is the drilling depth in feet. 
Fig 4-14 One complete upward fining sequence (centre of photograph) with 
conglomerate and sandstone representing channel fill (point bar) facies and green 
mudstone inter-channel floodplain facies. Conglomerate and sandstone overlying 
the sequence (right of photograph) are channel fill facies and silty mudstone and 
very fine sandstone underlying it (left of photograph) inter-channel floodplain 
facies. From the WO unit in Borehole M. Each core length is approximately 1.1 m. 
The number on the wood block is the drilling depth in feet. 
• 
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Fig 4-15 Dark grey silty shale and interbedded very fine sandstone and shale 
in the basal part of the WO unit in Borehole Z. The shaly sedimentary sequence is 
interpreted to be the product of swampy deposition. The overlying light grey lithic 
sandstones represent channel fill deposits. Each core length is approximately 1.1 
m. The number on the wood block is the drilling depth in feet. 
Fig 4-16 Green mudstone / shale in the basal part of the WO unit in Borehole 
G. The mudstone / shale is interpreted to be the product of inter-channel floodplain 
/ lacustrine deposition. The overlying light grey sandstone and conglomerate 
represent amalgamated channel fill facies. Each core length is approximately 1.1 
m. The number on the wood block is the drilling depth in feet. 
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i n t e r b e d d e d  v e r y  f i n e  s a n d s t o n e s  i n  t h e  b a s a l  p a r t  o f  t h e  u n i t  a r e  i n t e r p r e t e d  t o  b e  
p r o d u c t s  o f  a  s w a m p  /  l a c u s t r i n e  e n v i r o n m e n t ,  d e p o s i t e d  i n  t h e  W o m b a r r a  
l a c u s t r i n e  s y s t e m  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 )  ( F i g  4 - 1 1 ) .  T h e  d a r k  c o l o u r  
r e s u l t e d  f r o m  t h e  p r e s e r v e d  o r g a n i c  m a t t e r  i n  t h e s e  s h a l e s  /  m u d s t o n e s .  
G r e y  t o  g r e e n  s h a l e s  /  m u d s t o n e s  w i t h i n  t h i s  u n i t  ( F i g s  4 - 1 3  &  4 - 1 6  )  o v e r l y i n g  a n d  /  
o r  u n d e r l y i n g  u p w a r d  f i n i n g  c h a n n e l  f i l l  f a c i e s  r e p r e s e n t  i n t e r - c h a n n e l  f l o o d p l a i n  /  
l a c u s t r i n e  d e p o s i t s .  T h e  g r e e n  t o  g r e y  c o l o u r  o f  t h e  s h a l e s  /  m u d s t o n e s  w a s  r e l a t e d  
t o  t h e  p a u c i t y  o f  p r e s e r v e d  o r g a n i c  m a t t e r  i n  t h e m .  
B e t w e e n  c h a n n e l  f i l l  s a n d s t o n e s  a n d  i n t e r - c h a n n e l  f l o o d p l a i n  /  l a c u s t r i n e  
c l a y s t o n e s ,  i n t e r b e d d e d  f i n e  o r  v e r y  f i n e  s a n d s t o n e s  a n d  d a r k  g r e y  s h a l e s  a r e  
o c c a s i o n a l l y  f o u n d .  T h e  s a n d s t o n e s  m a y  s h o w  r i p p l e  c r o s s - l a m i n a t i o n .  T h e y  
p r o b a b l y  r e p r e s e n t  n a t u r a l  l e v e e  /  c r e v a s s e  s p l a y  f a c i e s .  
T h e  s e  u n i t  r a n g e s  i n  t h i c k n e s s  f r o m  2 0  t o  1 5 2  m .  I t  i s  a  c o m p o s i t e  o n e  i n  t e r m s  o f  
g e n e t i c  s e q u e n c e s .  T h e  l o w e r  p a r t  o f  i t  w a s  d e r i v e d  f r o m  t h e  N e w  E n g l a n d  F o l d  
B e l t  w h e r e a s  t h e  u p p e r  p a r t  o f  i t  p r e d o m i n a n t l y  f r o m  t h e  L a c h l a n  F o l d  B e l t  
( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) .  T h e  c o m p o s i t e  c h a r a c t e r  i s  a l s o  r e f l e c t e d  b y  t h e  
g e o p h y s i c a l  l o g  f a c i e s  i n  t h e  s o u t h e r n  b a s i n .  I n  B o r e h o l e s  W  t o  Z ,  t h e  l o w e r  p a r t  o f  
t h i s  u n i t  i s  c h a r a c t e r i s e d  b y  l o g  f a c i e s  l A ,  I B ,  a n d  l e  w h e r e a s  t h e  u p p e r  p a r t  o f  i t  b y  
l o g  f a c i e s  l i B  ( F i g s  4 - 2  &  4 - 5 ) .  T h e  s a n d s t o n e  p e t r o l o g y  d a t a  o f  t h i s  a u t h o r  s u g g e s t s  
t h a t  t h e  c o m p o s i t e  f e a t u r e  o f  t h i s  u n i t  i n  t h e  s o u t h e r n  b a s i n  i s  p r o b a b l y  m o r e  r e l a t e d  
t o  a n  e a s t e r n  v o l c a n i c  s o u r c e .  T h e  l o w e r  p a r t  o f  t h i s  u n i t  w a s  l a r g e l y  d e r i v e d  f r o m  
t h i s  e a s t e r n  v o l c a n i c  s o u r c e  r a t h e r  t h a n  t h e  N e w  E n g l a n d  F o l d  B e l t  a n d  t h e  u p p e r  
p a r t  o f  i t  f r o m  t h e  L a c h l a n  F o l d  B e l t  i n  t h e  s o u t h e r n  b a s i n  ( s e e  n e x t  c h a p t e r ) .  T h e  
p r e s e n c e  o f  t h i s  s o u r c e  i s  a l s o  s u p p o r t e d  b y  t h e  o c c u r r e n c e  o f  l i t h i c  c o n g l o m e r a t e  
a n d  v e r y  c o a r s e  s a n d s t o n e s  i n  t h e  l o w e r  s e  u n i t  i n  t h e  b o r e h o l e s  a l o n g  t h e  s o u t h  
c o a s t  ( F i g  4 - 1 2 ) .  
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Principal facies recognised in the lower SC unit include upward fining channel fill, 
amalgamated and inter-channel floodplain Ilacustrine facies (Figs 4-17 & 4-18). 
Channel margin (levee and crevasse splay) facies developed but were not 
common. Braided channel fill and amalgamated braided channel fill quartzose 
sandstones (Fig 4-19) comprise the bulk of the upper SC unit. Inter-channel 
floodplain I lacustrine facies rarely developed due to erosion by the lateral 
migration of braid channels, as indicated by Walker and Cant (1984). 
To the far northeast part of the basin, the whole unit was deposited in the 
Munmorah fluvial system with sediments largely derived from the New England 
Fold Belt (Galloway and Hamilton, 1988). Upward fining channel fill, amalgamated 
channel fill facies and inter-channel floodplain I lacustrine deposits are the 
principal facies recognised (Fig 4-20). 
The LB unit has a thickness of 10 to 149 m. It is extremely sandy in most of the 
boreholes studied. In Boreholes W to Z of the southwest part of the basin, 
sandstones account for more than 85 % of the unit. The majority of them show 
cross bedding with the remainder being massive. Galloway and Hamilton (1988) 
concluded that this unit was deposited in a major easterly and southeasterly 
flowing fluvial apron of the lower Bulgo braidplain system with sediments derived 
from the Lachlan Fold Belt. This conclusion is supported by the petrology data of 
sandstones of the unit (see Fig 5-52). Principal component facies includes braided 
channel-fill (log facies liB) and amalgamated braided channel fill (log facies IIC) 
(Fig 4-21). Inter-channel floodplain Ilacustrine facies was rarely found except in the 
northeast part of the basin near the New England Fold Belt. In this part of the basin, 
mUdstones I shales dominate the unit in Boreholes F, I, and M. Sandstones of this 
unit in these boreholes contain roughly equal amounts of detrital quartz and lithics 
(see Figs 5-44 & 5-45), suggesting that the New England Fold Belt continued to 
supply sediments to this part of the basin during the deposition of the LB unit. In the 
northeast part of the basin, the unit was the products of the lower Patonga fluvial I 
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Fig 4-17 Amalgamated channel fill sandstone facies in the lower part of the 
SC unit in Borehole Z. Channel lag deposits, which consist of intrabasinal 
mudflakes, can be recognised at the base of channel fill facies (centre of 
photograph). Each core length is approximately 1.1 m. The number on the wood 
block is the drilling depth in feet. 
Fig 4-18 Upward fining sequence (central left of photograph) with sandstone 
representing channel fill (point bar) facies and shales inter-channel floodplain 
facies. Sandstones overlying the sequence are interpreted to be amalgamated 
channel fill facies. From the lower part of the SC unit in Borehole J. Each core 
length is approximately 1.1 m. The number on the wood block is the drilling depth 
in feet or meters. 
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Fig 4-19 Amalgamated braided channel fill sandstone facies (left and centre 
of photograph). Dark grey silty shales within the facies are interpreted to be inter-
channel floodplain facies. Dark grey silty shales and light grey very fine to fine 
sandstones (right of photograph) also represent inter-channel floodplain facies. 
From the upper part of the se unit in Borehole Y. Each core length is 
approximately 1.1 m. The number on the wood block is the drilling depth in feet or 
meters. 
Fig 4-20 Upward fining sequences in the se unit in Borehole I. Sandstones 
are interpreted to be channel fill (point bar) facies and mudstones inter-channel 
floodplain facies. Each core length is approximately 1.1 m. The number on the 
wood block is the drilling depth in feet. 
• 
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Fig 4-21 Amalgamated braided channel fill sandstone facies. The rare silty 
shales intercalculated within the facies represent inter-channel floodplain facies. 
From the UB unit in Borehole Y. Each core length is approximately 1.1 m. The 
number on the wood block is the drilling depth in feet or meters. 
Fig 4-22 Amalgamated braided channel fill sandstone facies. The rare silty 
shales intercalculated with the facies represent inter-channel floodplain facies. 
From the UB unit in Borehole Z. Each core length is approximately 1.1 m. The 
number on the wood block is the drilling depth in feet. 
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l a c u s t r i n e  s y s t e m  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 )  ( F i g  4 - 1 2 ) .  I n  B o r e h o l e s  F ,  I ,  a n d  
M ,  u p w a r d  f i n i n g  c h a n n e l  f i l l  ( l o g  f a c i e s  I I A )  a n d  i n t e r - c h a n n e l  f l o o d p l a i n  I l a c u s t r i n e  
f a c i e s  a r e  t h e  p r i n c i p a l  c o m p o n e n t  f a c i e s .  C h a n n e l  m a r g i n  f a c i e s  i s  a l s o  
r e c o g n i s e d  a n d  c o n s i s t s  o f  f i n e ,  v e r y  f i n e  s a n d s t o n e s  a n d  s i l t y  s h a l e s .  
T h e  U B  u n i t  r a n g i n g  i n  t h i c k n e s s  f r o m  1 6  t o  1 8 5  m  i s  a l s o  a  s a n d y  u n i t ,  b u t  
s a n d s t o n e s  i n  t h i s  u n i t  a r e  g e n e r a l l y  f i n e r  t h a n  t h o s e  i n  t h e  u n d e r l y i n g  L B  u n i t  i n  
g r a i n  s i z e  a n d  s h a l e s  I  m u d s t o n e  a r e  s l i g h t l y  m o r e  a b u n d a n t .  I t  w a s  d e p o s i t e d  i n  
t h e  u p p e r  B u l g o  b r a i d p l a i n  s y s t e m  w i t h  s e d i m e n t s  b e i n g  l a r g e l y  d e r i v e d  f r o m  t h e  
L a c h l a n  F o l d  B e l t  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) ,  w h i c h  i s  s u p p o r t e d  b y  t h e  
s a n d s t o n e  p e t r o l o g y  d a t a  ( s e e  F i g  5 - 5 2 ) .  C h a n n e l  f i l l  a n d  a m a l g a m a t e d  c h a n n e l  f i l l  
( F i g  4 - 2 2 )  a r e  t h e  p r i n c i p a l  f a c i e s  r e c o g n i s e d  i n  t h i s  u n i t .  T h e  e a s t e r n  v o l c a n i c  
s o u r c e  a c t i v e  d u r i n g  d e p o s i t i o n  o f  t h e  l o w e r  S C  u n i t  a g a i n  b e c a m e  a c t i v e  a n d  
s u p p l i e d  s e d i m e n t s  t o  t h e  s o u t h e r n  b a s i n  d u r i n g  t h e  d e p o s i t i o n  o f  t h e  l o w e r  U B  
u n i t ,  a s  s u p p o r t e d  b y  t h e  o c c u r r e n c e  o f  c o n g l o m e r a t e s  a n d  v e r y  c o a r s e  
s a n d s t o n e s  i n  t h e  l o w e r  U B  u n i t  i n  B o r e h o l e s  A ,  B ,  a n d  C  a l o n g  t h e  s o u t h  c o a s t  
a n d  t h e  v e r t i c a l  v a r i a t i o n  o f  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  i n  t h e s e  b o r e h o l e s  
( s e e  F i g  5 - 4 7 ) .  T h e s e  c o n g l o m e r a t e s  a n d  s a n d s t o n e s  c o n s i s t  l a r g e l y  o f  
i n t e r m e d i a t e  v o l c a n i c  c l a s t s ,  w h i c h  a r e  d i f f e r e n t  f r o m  t h e  s i l i c i c  v o l c a n i c  c l a s t s  
d e r i v e d  f r o m  t h e  N e w  E n g l a n d  F o l d  B e l t .  T h e  s i m i l a r i t y  o f  d e t r i t a l  c o m p o s i t i o n s  o f  
s a n d s t o n e s  i n  t h e  t o p  p a r t  o f  t h e  U B  u n i t  a n d  t h e  o v e r l y i n g  B H  u n i t  ( s e e  n e x t  
C h a p t e r )  i m p l i e s  t h a t  t h e  t o p  p a r t  o f  t h e  U B  u n i t  w a s  m o r e  l i k e l y  t o  b e  d e p o s i t e d  i n  
t h e  B a l d  H i l l  f l u v i a l  s y s t e m  ( F i g s  4 - 1 1  &  4 - 1 2 ) .  
T o  t h e  n o r t h e a s t  p a r t  o f  t h e  b a s i n ,  i n  B o r e h o l e  F ,  t h e  U B  u n i t  i s  d o m i n a t e d  b y  
s a n d s t o n e s ,  w h i c h  a r e  i n t e r p r e t e d  t o  b e  u p w a r d  f i n i n g  c h a n n e l  f i l l  d e p o s i t s .  I n  
B o r e h o l e s  M  a n d  I ,  s h a l e s  I  m u d s t o n e s  d o m i n a t e  t h e  u n i t  p a r t i c u l a r l y  t h e  l o w e r  p a r t  
o f  i t .  S a n d s t o n e s  o f  t h e  u n i t  i n  t h e  t w o  b o r e h o l e s  a r e  u p w a r d  f i n i n g  c h a n n e l  f i l l  
d e p o s i t s  a n d  s h a l e s  I  m u d s t o n e s  r e p r e s e n t  i n t e r - c h a n n e l  f l o o d p l a i n  I  l a c u s t r i n e  
d e p o s i t s  ( F i g  4 - 2 3 ) .  C h a n n e l  m a r g i n  f a c i e s ,  w h i c h  c o n s i s t  o f  f i n e  s a n d s t o n e s  a n d  
, . 
, 
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Fig 4-23 Inter-channel floodplain chocolate mudstone facies (left and right of 
photograph) and amalgamated channel fill sandstone facies (centre of 
photograph) in the UB unit in Borehole I. Each core length is approximately 1.1 m. 
The number on the wood block is the drilling depth in feet. 
Fig 4-24 Amalgamated braided channel fill sandstone facies. The sign "+" 
marks the top of the Bald Hill Operational Unit. From the BH unit in Borehole W. 
Each core length is approximately 1.1 m. The number on the wood block is the 
drilling depth in metres. 
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i n t e r b e d d e d  v e r y  f i n e  s a n d s t o n e s  a n d  s h a l e s ,  a r e  a l s o  r e c o g n i s a b l e .  T h e  q u a r t z -
r i c h  c o m p o s i t i o n  o f  s a n d s t o n e s  i n  t h e  t o p  p a r t  o f  t h i s  u n i t  i n  t h e  t h r e e  b o r e h o l e s  ( s e e  
F i g s  5 - 4 4  &  5 - 4 5 )  s u g g e s t s  t h a t  s e d i m e n t s  w e r e  l a r g e l y  d e r i v e d  f r o m  t h e  L a c h l a n  
F o l d  B e l t  a n d  d e p o s i t e d  i n  t h e  B a l d  H i l l  f l u v i a l  s y s t e m  ( F i g  4 - 1 2 ) .  T h e  L a c h l a n  F o l d  
B e l t  f i n a l l y  r e p l a c e d  t h e  N e w  E n g l a n d  F o l d  B e l t  a s  t h e  m a j o r  s o u r c e  f o r  t h i s  p a r t  o f  
t h e  b a s i n .  
G e o l o g i c a l  l o g g i n g  d a t a  o f  t h e  B H  u n i t ,  w h i c h  r a n g e s  i n  t h i c k n e s s  f r o m  1 2  t o  7 6  m ,  
s h o w  t h a t  g r a i n  s i z e  a n d  p e r c e n t a g e  o f  s a n d s t o n e s  g e n e r a l l y  d e c r e a s e s  f r o m  w e s t  
t o  e a s t  ( f r o m  B o r e h o l e  W  t o  B o r e h o l e  L ,  F i g  4 - 5 ) .  T h e s e  c h a n g e s ,  t o g e t h e r  w i t h  t h e  
e a s t w a r d  d e c r e a s e  o f  d e t r i t a l  q u a r t z  i n  s a n d s t o n e s  ( s e e  F i g  5 - 5 3 ) ,  i m p l y  t h a t  t h e  
d e t r i t u s  w a s  l a r g e l y  d e r i v e d  f r o m  a  w e s t e r n  s o u r c e .  D u r i n g  t h e  d e p o s i t i o n  o f  t h e  B H  
u n i t ,  t h e  L a c h l a n  F o l d  B e l t  w a s  t h e  m a j o r  s o u r c e .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  
c o n c l u s i o n  t h a t  t h i s  u n i t  w a s  d e p o s i t e d  i n  a n  e a s t e r l y  t o  s o u t h e a s t e r l y  f l o w i n g  
m i x e d  - l o a d  s y s t e m  ( B a l d  H i l l  f l u v i a l  s y s t e m )  ( G a l l o w a y  a n d  H a m i l t o n ,  1 9 8 8 ) .  A n  
e a s t e r n  v o l c a n i c  s o u r c e  a l s o  c o n t r i b u t e d  s e d i m e n t s ,  m a i n l y  c l a y s ,  t o  t h e  b a s i n  
d u r i n g  d e p o s i t i o n  o f  B a l d  H i l l  C l a y s t o n e  - e q u i v a l e n t  o f  t h i s  u n i t  ( W a r d ,  1 9 7 2 ) .  
T h e  d e p o s i t i o n a l  s t y l e  o f  t h e  B H  u n i t  s e e m s  t o  v a r y  f r o m  o n e  l o c a t i o n  t o  a n o t h e r .  I n  
B o r e h o l e  W  i n  t h e  w e s t  m a r g i n  o f  t h e  b a s i n ,  t h e  o p e r a t i o n a l  u n i t  i s  d o m i n a t e d  b y  
m e d i u m  a n d  c o a r s e  s a n d s t o n e s .  T h e  s a n d s t o n e s  a r e  m a s s i v e  ( i n  t h e  l o w e r  p a r t ,  
2 3 7 . 5 - 2 0 0 . 5  m )  o r  c r o s s - b e d d e d  ( F i g  4 - 2 4 )  ( t h e  u p p e r  p a r t ,  2 0 0 . 5 - 1 7 5 . 0 0  m ) .  T h e  
p a u c i t y  o f  v e r t i c a l  a c c r e t i o n  d e p o s i t s  ( c l a y s t o n e s  a n d  v e r y  f i n e  s a n d s t o n e s )  a n d  t h e  
a b s e n c e  o f  p a r a l l e l  l a m i n a t i o n  i n  t h e  s a n d s t o n e s  a r e  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  
f o u n d  i n  t h e  B a t t e r y  P o i n t  s e c t i o n  ( C a n t  a n d  W a l k e r ,  1 9 7 6 ) .  T h u s  i t  i s  i n t e r p r e t e d  
t h a t  t h e  o p e r a t i o n a l  u n i t  i n  B o r e h o l e  W  w a s  d e p o s i t e d  i n  a  b r a i d e d  f l u v i a l  
e n v i r o n m e n t .  B r a i d e d  c h a n n e l  f i l l  a n d  a m a l g a m a t e d  c h a n n e l  f i l l  ( F i g  4 - 2 4 )  a r e  t h e  
p r i n c i p a l  f a c i e s .  
I n  B o r e h o l e  X ,  t h e  o p e r a t i o n a l  u n i t  i s  d o m i n a t e d  b y  m u d s t o n e s  a n d  i n t e r b e d d e d  
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v e r y  f i n e  s a n d s t o n e s  a n d  s h a l e s .  T h e  s a n d s t o n e s  a c c o u n t  f o r  a b o u t  2 0  %  o f  t h e  
u n i t .  S a n d s t o n e s  v a r y  i n  g r a i n  s i z e  f r o m  f i n e  t o  c o a r s e  g r a i n e d .  T h e  t h i c k  
m u d s t o n e s  c h a r a c t e r i s e d  b y  l o g  f a c i e s  I V  ( F i g  4 - 2 )  a r e  i n t e r p r e t e d  t o  b e  t h e  p r o d u c t  
o f  i n t e r - c h a n n e l  f l o o d p l a i n  /  l a c u s t r i n e  d e p o s i t i o n .  I n  t h e  u n i t ,  t w o  d i s t i n c t i v e  
u p w a r d - f i n i n g  s e c t i o n s  ( l o g  f a c i e s  l A ,  F i g  4 - 2 )  c a n  b e  r e c o g n i s e d  ( 3 1 1 . 0 - 2 9 7  m  a n d  
3 1 7 - 3 1 1  m ) .  T h e  u p p e r  s e c t i o n  c o n s i s t s  o f  m a s s i v e  a n d  c r o s s - b e d d e d  m e d i u m  
s a n d s t o n e s  a t  t h e  b a s e  t h e n  p a r a l l e l  l a m i n a t e d  f i n e ,  v e r y  f i n e  s a n d s t o n e s ,  
i n t e r b e d d e d  v e r y  f i n e  s a n d s t o n e s  a n d  s h a l e s  a n d  f i n a l l y  m u d s t o n e s .  T h e  l o w e r  
s e c t i o n  g r a d e s  u p w a r d s  f r o m  c r o s s - b e d d e d  m e d i u m  s a n d s t o n e s ,  t o  r i p p l e  c r o s s -
b e d d e d  f i n e  s a n d s t o n e s  a n d  f i n a l l y  t o  s h a l e s .  T h u s  t h e  s a n d s t o n e s  i n  t h e  t w o  
s e c t i o n s  a r e  o f  c h a n n e l  f i l l  o r i g i n ,  r e p r e s e n t i n g  p o i n t  b a r  d e p o s i t s  a n d  s h a l e s  /  
m u d s t o n e s  a r e  p r o d u c t s  o f  i n t e r - c h a n n e l  f l o o d p l a i n  d e p o s i t i o n .  
I n  B o r e h o l e s  Y ,  Z  a n d  L ,  t h e  o p e r a t i o n a l  u n i t  c o n s i s t s  l a r g e l y  o f  m u d s t o n e s  a n d  
s h a l e s .  T h e  s a n d s t o n e s  a c c o u n t  f o r  l e s s  t h a n  1 0  %  o f  t h e  t o t a l  u n i t .  I n  t h e  s h a l e s  o r  
m u d s t o n e s ,  r o o t  s t r u c t u r e s  a r e  r e c o g n i s e d  ( F i g  4 - 2 5 ) .  T h e  m u d s t o n e s  a n d  s h a l e s  
v a r y  f r o m  d a r k - g r e y ,  g r e y  t o  g r e e n ,  w h i t e ,  m i x t u r e  o f  g r e y  a n d  c h o c o l a t e  c o l o u r ,  t o  
c h o c o l a t e  i n  c o l o u r  ( F i g  4 - 2 6 ) .  T h e  s h a l e s  /  m u d s t o n e s  o f  t h e  u n i t  i n  t h e  t h r e e  w e l l s  
i s  c o n s i d e r e d  t o  b e  d e p o s i t e d  i n  a  f l o o d p l a i n  e n v i r o n m e n t .  T h e  m e d i u m  t o  v e r y  
c o a r s e  s a n d s t o n e s  w i t h i n  i t  r e p r e s e n t  u p w a r d  f i n i n g  c h a n n e l  f i l l  a n d  a m a l g a m a t e d  
c h a n n e l  f i l l  d e p o s i t s  a n d  r i p p l e  c r o s s  l a m i n a t e d  f i n e  a n d  v e r y  f i n e  s a n d s t o n e s  
c h a n n e l  m a r g i n  ( l e v e e  a n d  c r e v a s s e  s p l a y )  d e p o s i t s .  
S i m i l a r l y  i n  o t h e r  b o r e h o l e s ,  t h e  s a n d y  b e d s  a r e  t h e  p r o d u c t s  o f  c h a n n e l  f i l l  
d e p o s i t i o n .  T h e  c l a y s t o n e s  a n d  t h e  i n t e r b e d d e d  v e r y  f i n e  s a n d s t o n e s  a n d  
m u d s t o n e s  /  s h a l e s  r e s u l t e d  f r o m  t h e  f l o o d p l a i n  /  l a c u s t r i n e  d e p o s i t i o n .  R i p p l e  
c r o s s  l a m i n a t e d  f i n e  a n d  v e r y  f i n e  s a n d s t o n e s ,  w h i c h  o c c u r  b e t w e e n  u p w a r d  f i n i n g  
c h a n n e l  f i l l  s a n d s t o n e s  a n d  i n t e r - c h a n n e l  f l o o d p l a i n  /  l a c u s t r i n e  s h a l e s  /  
m u d s t o n e s  a n d  /  o r  w i t h i n  t h e  f l o o d p l a i n  f a c i e s ,  r e p r e s e n t  c h a n n e l  m a r g i n  d e p o s i t s .  
/  
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Fig 4-25 Root structures within shales of the BH unit. From Borehole Y at 
drilling depth of 382.1 m. 
Fig 4-26 Inter-channel floodplain claystone facies in the BH unit in Borehole Z. 
The white claystone is of pyroclastic origin. Chocolate claystone was deposited in 
oxidising environments and dark grey claystone in reducing environments. Each 
core length is approximately 1.1 m. The number on the wood block is the drilling 
depth in feet. 
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4 . 2 . 4  F A C I E S  D E S C R I P T I O N  
C h a n n e l  f i l l ,  i n t e r - c h a n n e l  f l o o d p l a i n  I l a c u s t r i n e  a n d  c h a n n e l  m a r g i n  a r e  t h e  t h r e e  
p r i n c i p a l  c o m p o n e n t  f a c i e s  r e c o g n i s e d  i n  t h e  N a r r a b e e n  G r o u p .  T h e y  h a v e  a l r e a d y  
b e e n  m e n t i o n e d  i n  t h e  p r e v i o u s  s e c t i o n .  I n  t h i s  s e c t i o n ,  t h e  i n d i v i d u a l  c o m p o n e n t  
f a c i e s  w i l l  b e  d e s c r i b e d  i n  s o m e  d e t a i l .  
( i )  C h a n n e l  F i l l  F a c i e s  
C h a n n e l  f i l l  f a c i e s  c o n s i s t s  o f  c o a r s e  s e d i m e n t s  r e t a i n e d  i n  t h e  f l u v i a l  s y s t e m .  
C o n g l o m e r a t e  a n d  s a n d s t o n e  a r e  t h e  l i t h o l o g i c a l  c o m p o n e n t s  o f  t h e  c h a n n e l  f i l l  
d e p o s i t s  i n  t h e  N a r r a b e e n  G r o u p  w i t h  s a n d s t o n e  b e i n g  o f  m u c h  m o r e  v o l u m e t r i c  
i m p o r t a n c e .  
C o n g l o m e r a t e s  i n  t h e  c h a n n e l  f i l l  f a c i e s  g e n e r a l l y  s h o w  m a s s i v e  s t r u c t u r e  a n d  
o c c a s i o n a l l y  f l a t  - b e d d e d  s t r u c t u r e .  T h e y  m a y  t h e m s e l v e s  c o m p r i s e  t h e  b u l k  o f  
c h a n n e l  f i l l  f a c i e s  o r  t h e  e n t i r e  f a c i e s  ( F i g  4 - 1 4 ) ,  b u t  t h i s  i s  r a r e  i n  t h e  b o r e h o l e s  
s t u d i e d  i n  t h i s  p r o j e c t .  M o r e  c o m m o n l y  c o n g l o m e r a t e s  o c c u r  a s  t h i n  b e d s  o n  t h e  
s c o u r e d  b a s e  o f  t h e  c h a n n e l .  I n  t h e s e  c a s e s ,  t h e y  a r e  i n t e r p r e t e d  t o  r e p r e s e n t  
c h a n n e l  l a g  d e p o s i t s ,  w h i c h  c o u l d  b e  t r a n s p o r t e d  o n l y  d u r i n g  p e a k  p e r i o d s  o f  
f l o o d i n g .  F i g  4 - 2 7  s h o w s  a n  e x a m p l e  o f  c h a n n e l  l a g  d e p o s i t s .  T h e  d e p o s i t  i s  8  c m  
t h i c k  a n d  l i e s  o n  t h e  e r o d e d  s u r f a c e  o f  t h e  u n d e r l y i n g  c r o s s  b e d d e d  f i n e  s a n d s t o n e .  
T h e  l a g  p e b b l e s  c o n s i s t  o f  i n t r a b a s i n a l  c h o c o l a t e  m u d f l a k e s ,  w h i c h  w e r e  d e r i v e d  
f r o m  e r o s i o n  o f  i n t e r - c h a n n e l  f l o o d p l a i n  m u d s t o n e s ,  a n d  e x t r a b a s i n a l  v o l c a n i c  l i t h i c  
c i a s t s ,  w h i c h  w e r e  t r a n s p o r t e d  t h e r e  f r o m  s o u r c e  a r e a s .  T h e  s u b r o u n d e d  f e a t u r e  o f  
t h e  m u d f l a k e s  r e f l e c t s  r o l l i n g  a r o u n d  b y  s t r o n g  c u r r e n t s  a n d  s l o w  s e d i m e n t a t i o n .  
S a n d s t o n e s  c o m m o n l y  c o m p r i s e  t h e  e n t i r e  c h a n n e l  f i l l  f a c i e s  b y  t h e m s e l v e s  
a l t h o u g h  i n  s o m e  c a s e s  s a n d s t o n e s ,  t o g e t h e r  w i t h  c h a n n e l  l a g  c o n g l o m e r a t e s ,  
m a k e  u p  c h a n n e l  f i l l  d e p o s i t s .  C h a n n e l  f i l l  s a n d s t o n e s  v a r y  i n  c o l o u r  f r o m  o f f w h i t e ,  
l i g h t  g r e y ,  m i d  g r e y  t o  g r e e n ,  d e p e n d i n g  o n  t h e  c o m p o s i t i o n  o f  t h e  s a n d s t o n e s .  
Q u a r t z  - r i c h  s a n d s t o n e s  g e n e r a l l y  s h o w  o f f w h i t e  c o l o u r  w h e r e a s  l i t h i c  - r i c h  
76 
Fig 4-27 Channel lag deposits on the eroded surface of underlying fine 
sandstones. From Borehole Z at drilling depth of 725.8 m. 
Fig 4-28 Cross bedding shown by grain size variation of sandstones. From 
Borehole Z at drilling depth of 609.8 m. 
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s a n d s t o n e s  s h o w  l i g h t  t o  m i d  g r e y  c o l o u r .  S a n d s t o n e s  w i t h  c h l o r i t e ,  w h i c h  i s  
i d e n t i f i e d  w i t h  S E M l E D X  a n a l y s e s ,  g e n e r a l l y  s h o w  g r e e n  c o l o u r .  I n  t e r m s  o f  
s t r u c t u r e ,  f o u r  p r i n c i p a l  t y p e s  o f  f a c i e s  c a n  b e  d i s t i n g u i s h e d  f o r  c h a n n e l  f i l l  
s a n d s t o n e s .  T h e y  i n c l u d e  c r o s s  - b e d d e d ,  m a s s i v e ,  r i p p l e  - c r o s s  l a m i n a t e d ,  a n d  
p a r a l l e l  l a m i n a t e d  s a n d s t o n e  f a c i e s .  
C r o s s  B e d d e d  S a n d s t o n e  F a c i e s :  C r o s s  b e d d i n g  i s  t h e  m o s t  c o m m o n  s t r u c t u r e  
r e c o g n i s e d  i n  t h e  c h a n n e l  f i l l  s a n d s t o n e s  o f  t h e  N a r r a b e e n  G r o u p .  I t  i n c l u d e s  t w o  
m a j o r  t y p e s :  p l a n a r  - t a b u l a r  c r o s s  b e d d i n g  a n d  t r o u g h  c r o s s  b e d d i n g .  T h e  n a r r o w  
c o r e  w i d t h  l i m i t s  t h e  d i s t i n c t i o n  o f  t h e  t w o  t y p e s .  T h e  t y p e  o f  c r o s s  b e d d i n g  c a n n o t  
a l w a y s  b e  i d e n t i f i e d  i n  c o r e s .  C r o s s  b e d d i n g  i s  i l l u s t r a t e d  b y  v a r i a t i o n s  o f  g r a i n  
s i z e s  o f  s a n d s t o n e s  ( F i g  4 - 2 8 ) ,  s i d e r i t i c  l a m i n a e  ( F i g  4 - 2 9 ) ,  a n d  g r e y  s i l t y  c l a y  
l a m i n a e  ( F i g  4 - 3 0 ) .  I t  c o m m o n l y  o c c u r s  i n  m e d i u m  t o  v e r y  c o a r s e  s a n d s t o n e s .  I n  
F i g  4 - 3 0 ,  t h e  s i l t y  c l a y  l a m i n a e  r e p r e s e n t  s e t t l i n g  o f  s u s p e n d e d  f i n e  m a t e r i a l  d u r i n g  
l o w  r i v e r  s t a g e .  T h e  m e d i u m  t o  c o a r s e  s a n d s t o n e s ,  s h o w i n g  p l a n a r  - t a b u l a r  c r o s s  
b e d d i n g ,  w e r e  t r a n s p o r t e d  a t  h i g h  r i v e r  s t a g e  a n d  d e p o s i t e d  i n  t h e  l o w  f l o w  r e g i m e  
d u r i n g  f a l l i n g  r i v e r  s t a g e .  C r o s s  b e d d i n g  w a s  p r o d u c e d  b y  m i g r a t i o n  o f  
m e g a r i p p l e s  a n d  s a n d  d u n e s .  
M a s s i v e  S a n d s t o n e  F a c i e s :  S a n d s t o n e s  a r e  m o r e  o r  l e s s  h o m o g e n e o u s .  N o  
i n t e r n a l  l a m i n a t i o n  /  b e d d i n g  c a n  b e  s e e n  w i t h  n a k e d  e y e s .  M a s s i v e  s t r u c t u r e  
o c c u r s  f r o m  f i n e  t o  v e r y  c o a r s e  s a n d s t o n e s .  R e i n e c k  a n d  S i n g h  ( 1 9 8 0 )  m e n t i o n e d  
s e v e r a l  m o d e s  o f  o r i g i n  f o r  t h e  m a s s i v e  s t r u c t u r e .  I t  c a n  b e  t h e  r e s u l t  o f  s t r o n g  
b i o t u r b a t i o n  a c t i v i t y .  O r g a n i s m  b i o t u r b a t i o n  c a n  l e a d  t o  c o m p l e t e  d e s t r u c t i o n  o f  
p r i m a r y  l a y e r s ,  p r o d u c i n g  h o m o g e n e o u s  m a s s .  I t  c a n  a l s o  b e  c r e a t e d  b y  i n o r g a n i c  
p r o c e s s ,  e . g .  w a t e r  d r a i n i n g  o u t  o f  s e d i m e n t s  d u r i n g  c o m p a c t i o n .  M a s s i v e  s t r u c t u r e  
c a n  b e  p r i m a r y  i n  o r i g i n .  I n  t h e  c a s e  o f  r a p i d  s e d i m e n t a t i o n ,  s e d i m e n t s  a r e  
d e p o s i t e d  a s  a  m a s s i v e  h o m o g e n e o u s  m a s s .  T h e  m a s s i v e  s a n d s t o n e  f a c i e s  o f  t h e  
N a r r a b e e n  G r o u p  i s  m o s t  l i k e l y  t o  b e  p r i m a r y  i n  o r i g i n  a n d  i s  t h e  p r o d u c t  o f  r a p i d  
d e p o s i t i o n .  
78 
Fig 4-29 Cross bedding shown by sideritic laminae. From Borehole X at drilling 
depth of 427.9 m. 
Fig 4-30 Cross bedding shown by clay laminae. From Borehole X at drilling 
depth of 456.7 m. 
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R i p p l e  C r o s s  L a m i n a t e d  S a n d s t o n e  F a c i e s :  R i p p l e  c r o s s  l a m i n a t i o n  i s  g e n e r a l l y  
r e s t r i c t e d  t o  f i n e  s a n d s t o n e s  i n  t h e  t o p  l e v e l  o f  c h a n n e l  f i l l  d e p o s i t s .  I t  i s  i l l u s t r a t e d  
b y  c a r b o n a c e o u s  ( F i g  4 - 3 1 )  o r  s i d e r i t i c  l a m i n a e  ( F i g  4 - 3 2 ) .  
P a r a l l e l  L a m i n a t e d  S a n d s t o n e  F a c i e s :  T h e  d e v e l o p m e n t  o f  a  p l a n e  b e d  ( w i t h o u t  
r i p p l e s  o r  d u n e s )  i s  f a v o u r e d  b y  h i g h e r  v e l o c i t i e s ,  s h a l l o w  d e p t h  a n d  f i n e r  g r a i n  
s i z e .  P a r a l l e l  l a m i n a t i o n  r e s u l t s  f r o m  d e p o s i t i o n  o n  t h e  p l a n e  b e d  ( W a l k e r  a n d  
C a n t ,  1 9 8 4 ) .  I t  w a s  f o u n d  i n  a l l  l e v e l s  o f  t h e  u p w a r d  f i n i n g  c h a n n e l  f i l l  ( p o i n t  b a r )  
f a c i e s .  
W i t h  o r  w i t h o u t  c o n g l o m e r a t e s  a s  c h a n n e l  l a g  d e p o s i t s ,  t h e  f o u r  p r i n c i p a l  t y p e s  o f  
s a n d s t o n e  f a c i e s  c o m p r i s e  c h a n n e l  f i l l  f a c i e s  i n  a  n u m b e r  o f  w a y s  o f  c o m b i n a t i o n s .  
T w o  t y p i c a l  c o m b i n a t i o n s  r e p r e s e n t  d e p o s i t i o n  i n  t w o  d i f f e r e n t  c h a n n e l s :  
m e a n d e r i n g  a n d  b r a i d e d .  A  c h a n n e l  f i l l  f a c i e s ,  w h i c h  c o n s i s t s  o f  m a s s i v e  a n d  /  o r  
c r o s s  b e d d e d  a n d  /  o r  p a r a l l e l  l a m i n a t e d  m e d i u m  t o  v e r y  c o a r s e  s a n d s t o n e s  a t  t h e  
l o w e r  l e v e l  a n d  r i p p l e  c r o s s  l a m i n a t e d  f i n e  s a n d s t o n e s  a t  t h e  h i g h e r  l e v e l ,  m a k e s  
u p  a n  u p w a r d  f i n i n g  s a n d s t o n e  s e q u e n c e  w i t h  a  t h i c k n e s s  o f  a r o u n d  2  m .  T h e  
s a n d s t o n e  s e q u e n c e ,  w h i c h  w a s  d e p o s i t e d  b y  l a t e r a l  a c c r e t i o n  o f  s e d i m e n t s ,  i s  
o f t e n  o v e r l a i n  b y  i n t e r - c h a n n e l  f l o o d p l a i n  s h a l e s  /  m u d s t o n e s .  T h e  c h a n n e l  f i l l  
f a c i e s  r e p r e s e n t s  a  p o i n t  p a r ,  d e p o s i t e d  i n  a  m e a n d e r i n g  f l u v i a l  c h a n n e l .  U p w a r d  
f i n i n g  s a n d s t o n e  f a c i e s  c a n  b e  s t a c k e d  t o g e t h e r  t o  f o r m  a  m u l t i s t o r y  a m a l g a m a t e d  
c h a n n e l  f i l l  f a c i e s  ( F i g s  4 - 1 3  &  4 - 1 6 ) ,  w h i c h  c a n  b e  u p  t o  1 5  m  o r  m o r e  t h i c k .  
T h e  o t h e r  t y p i c a l  c o m b i n a t i o n  o f  s a n d s t o n e  f a c i e s  i s  t h a t  m a s s i v e  a n d  /  o r  c r o s s  
b e d d e d  s a n d s t o n e s  c o m p r i s e  t h e  b u l k  o f  t h e  c h a n n e l  f i l l  f a c i e s  w i t h  r i p p l e  c r o s s  
l a m i n a t e d  f i n e  s a n d s t o n e s  o c c u r r i n g  i n  t h e  t o p  p a r t .  T h e  g r a i n  s i z e  o f  t h e  c h a n n e l  
f i l l  s a n d s t o n e s  d o e s  n o t  s h o w  a n y  c h a r a c t e r i s t i c  v e r t i c a l  v a r i a t i o n s .  T h e  c h a n n e l  f i l l  
s a n d s t o n e s  a r e  o v e r l a i n  b y  i n t e r  - c h a n n e l  f l o o d  p l a i n  s h a l e s  I  m u d s t o n e s ,  w h i c h  
a r e  m u c h  t h i n n e r  t h a n  t h e  s a n d s t o n e s .  T h i s  s o r t  o f  c h a n n e l  f i l l  f a c i e s  w a s  d e p o s i t e d  
80 
Fig 4-31 Ripple cross lamination shown by carbonaceous laminae. From 
Borehole Y at drilling depth of 685.7 m. 
Fig 4-32 Ripple cross lamination shown by sideritic laminae. From Borehole Z 
at drilling depth of 756.7 m. 
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b y  v e r t i c a l  a g g r a d a t i o n  o f  s e d i m e n t s  a n d  i s  i n t e r p r e t e d  t o  r e p r e s e n t  b r a i d e d  
c h a n n e l  f i l l  d e p o s i t s .  B r a i d e d  c h a n n e l  f i l l  f a c i e s  c a n  b e  s t a c k e d  t o g e t h e r  t o  f o r m  
a m a l g a m a t e d  b r a i d e d  c h a n n e l  f i l l  f a c i e s .  
( i i )  I n t e r  - C h a n n e l  F l o o d p l a i n  I  L a c u s t r i n e  F a c i e s  
T h e  f a c i e s  c o n s i s t s  o f  f i n e  s u s p e n d e d  l o a d  s e d i m e n t s ,  w h i c h  a r e  d e p o s i t e d  i n  t h e  
f l o o d  b a s i n  d u r i n g  f l o o d  s t a g e .  S h a l e s  I  m u d s t o n e s  a n d  v e r y  f i n e  s a n d s t o n e s  a r e  
t h e  p r i n c i p a l  l i t h o l o g i c a l  c o m p o n e n t s  f o r  t h i s  f a c i e s  i n  t h e  N a r r a b e e n  G r o u p .  S o m e  
o f  t h e  s h a l e s  s h o w  l e n t i c u l a r  b e d d i n g  a n d  t h e  v e r y  f i n e  s a n d s t o n e s  o f t e n  s h o w  
p a r a l l e l  l a m i n a t i o n  a n d  I  o r  r i p p l e  c r o s s  l a m i n a t i o n ,  i l l u s t r a t e d  b y  c a r b o n a c e o u s  o r  
s i d e r i t i c  l a m i n a e .  I n  t e r m s  o f  c o l o u r ,  t h e  c l a y s t o n e s  ( s h a l e s  a n d  m u d s t o n e s )  c a n  b e  
d i v i d e d  i n t o  f o u r  f a c i e s :  c h o c o l a t e ,  g r e e n ,  g r e y  t o  b l a c k ,  a n d  w h i t e  f a c i e s .  C h o c o l a t e  
c l a y s t o n e  f a c i e s  i s  i n t e r p r e t e d  t o  r e s u l t  f r o m  d e p o s i t i o n  i n  o x i d i s i n g  e n v i r o n m e n t s .  
B y  c o n t r a s t ,  g r e e n  a n d  g r e y  t o  b l a c k  c l a y s t o n e  f a c i e s  r e s u l t e d  f r o m  d e p o s i t i o n  i n  
r e d u c i n g  e n v i r o n m e n t s .  T h e  d a r k  g r e y  a n d  b l a c k  c o l o u r s  a r e  r e l a t e d  t o  t h e  
p r e s e r v e d  o r g a n i c  m a t t e r  i n  t h e  c l a y s t o n e .  W h i t e  c l a y s t o n e  f a c i e s  i s  o f  p y r o c i a s t i c  
o r i g i n .  
( i i i )  C h a n n e l  M a r g i n  F a c i e s  
T h e  f a c i e s  i n c l u d e s  n a t u r a l  l e v e e  a n d  c r e v a s s e  s p l a y  f a c i e s .  T h e  f o r m e r  b o u n d s  
t h e  c h a n n e l  a n d  t h e  l a t t e r  e x t e n d s  i n t o  f l o o d  b a s i n  f r o m  b r e a c h e s  o r  l o w  a r e a s  o f  
t h e  l e v e e s .  I n  t h e  N a r r a b e e n  G r o u p ,  t h e  f a c i e s  i s  o f  m i n o r  v o l u m e t r i c  i m p o r t a n c e  
a n d  c o n s i s t s  o f  s i l t y  s h a l e s ,  v e r y  f i n e  a n d  f i n e  s a n d s t o n e s .  F i g  4 - 3 3  s h o w s  a n  
e x a m p l e  o f  c h a n n e l  m a r g i n  f a c i e s .  I t  c o n s i s t s  o f  i n t e r b e d d e d  s i l t y  s h a l e s ,  v e r y  f i n e  
a n d  f i n e  s a n d s t o n e s .  T h e  i n t e r b e d d i n g  o f  s h a l e s  a n d  s a n d s t o n e s  s u g g e s t s  p e r i o d i c  
f l o o d i n g  w i t h  s a n d s t o n e s  b e i n g  d e p o s i t e d  d u r i n g  f l o o d  p e r i o d s  a n d  s h a l e s  d u r i n g  
w a n i n g  p e r i o d s .  T h e  p a r a l l e l  l a m i n a t i o n  o f  t h e  s a n d s t o n e s  r e s u l t e d  f r o m  s e t t l i n g  o f  
s u s p e n d e d  f i n e  m a t e r i a l  a n d  r i p p l e  c r o s s  l a m i n a t i o n  f r o m  m i g r a t i o n  o f  b e d  l o a d  
s e d i m e n t s  i n  t h e  l o w e r  f l o w  r e g i m e .  
82 
Fig 4-33 Crevasse splay facies consisting of interbedded silty shale and very 
fine to fine sandstones, which is marked at its top and bottom by the sign "+". The 
overlying green mudstone is interpreted to be inter-channel floodplain facies. 
Offwhite medium to very coarse sandstones (left and right of photograph) are 
channel fill facies. From the SC unit in Borehole Z. Each core length is 
approximately 1.1 m. The number on the wood block is the drilling depth in feet. 
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C H A P T E R  F I V E  
P E T R O L O G Y  O F  T H E  N A R R A B E E N  G R O U P  S A N D S T O N E S  
5 . 1  I N T R O P U C T I O N  
M c E l r o y  ( 1 9 5 4 )  w a s  t h e  f i r s t  t o  s t u d y  t h e  c o m p o s i t i o n  a n d  t e x t u r e  o f  t h e  N a r r a b e e n  
G r o u p  s e d i m e n t s  i n  a  s y s t e m a t i c  m a n n e r .  L a t e r  L o u g h n a n  ( 1 9 6 3 )  m a d e  a  
p e t r o l o g i c a l  s t u d y  o f  a  v e r t i c a l  s e c t i o n  i n  t h e  N a r r a b e e n  G r o u p  a t  H e l e n s b u r g h .  T h e  
m o s t  c o m p r e h e n s i v e  p e t r o l o g i c a l  s t u d i e s  o f  t h e  N a r r a b e e n  G r o u p  s e d i m e n t s  i n  t h e  
s o u t h e r n  S y d n e y  B a s i n  w e r e  u n d e r t a k e n  b y  W a r d  ( 1 9 7 1  a ,  b ) .  A l l  t h e  s t u d i e s  s h o w  
t h a t  t h e  c o n t e n t  o f  d e t r i t a l  q u a r t z  g r a i n s  g e n e r a l l y  i n c r e a s e s  t o w a r d  t h e  t o p  o f  t h e  
g r o u p  a n d  t h a t  o f  d e t r i t a l  l i t h i c  f r a g m e n t s  g e n e r a l l y  d e c r e a s e s .  
T h e  a i m s  o f  t h i s  p e t r o l o g i c a l  s t u d y  a r e  t o  d e t e r m i n e  t h e  v a r i a t i o n  o f  d e t r i t a l  
c o m p o s i t i o n  o f  s a n d s t o n e s ,  t o  d e d u c e  t h e i r  d e t r i t a l  s o u r c e s ,  a n d  t o  a s s e s s  t h e  
e f f e c t s  o f  t h e  d e t r i t a l  c o m p o s i t i o n  o n  d i a g e n e s i s  a n d  t h e  q u a l i t y  o f  s a n d s t o n e s  a s  
h y d r o c a r b o n  r e s e r v o i r s .  T h e  i n f l u e n c e  o f  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  o n  
d i a g e n e s i s  a n d  r e s e r v o i r  q u a l i t y  w i l l  b e  d i s c u s s e d  i n  C h a p t e r s  6  a n d  8 .  
5 , 2  M E T H O P O L O G Y  
T h i n  s e c t i o n s  w e r e  c u t  f o r  a l l  t h e  4 1 7  s a n d s t o n e  s a m p l e s  c o l l e c t e d  f r o m  t h e  2 6  
b o r e  h o l e s  s u b j e c t  t o  g e o l o g i c a l  l o g g i n g .  T h e y  w e r e  i m p r e g n a t e d  w i t h  a  b l u e  d y e  t o  
f a c i l i t a t e  o b s e r v a t i o n  o f  p o r o s i t y  i n  t h i n  s e c t i o n s .  A l l  t h i n  s e c t i o n s  w e r e  e x a m i n e d  
u n d e r  a  L e i t z  - W e t z l a r  p e t r o l o g i c a l  m i c r o s c o p e  t o  o b s e r v e  g r a i n  s i z e ,  f r a m e w o r k  
m i n e r a l o g y ,  t e x t u r e ,  p o r o s i t y ,  d i s s o l u t i o n  f e a t u r e s  a n d  c e m e n t a t i o n  h i s t o r y .  S o m e  
s a m p l e s  a r e  a l t e r e d  t o  s u c h  a n  e x t e n t  t h a t  t h e  d e t r i t a l  l i t h i c s  c a n n o t  b e  
d i s t i n g u i s h e d  f r o m  t h e  c l a y  m a t r i x  a n d  a r e  c o n s i d e r e d  t o  b e  u n s u i t a b l e  f o r  r e l i a b l e  
p o i n t  c o u n t i n g .  O f  t h e  4 1 7  s a m p l e s ,  a  t o t a l  o f  3 2 4  t h i n  s e c t i o n s  w e r e  s e l e c t e d  f o r  
p o i n t  c o u n t i n g .  P h o t o m i c r o g r a p h s  w e r e  t a k e n  o f  s e l e c t e d  t h i n  s e c t i o n s  u s i n g  a n  
O l y m p u s  ( M o d e l  B H S P )  c a m e r a  w i t h  1 0 0  A S A  f i l m .  
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T h e r e  a r e  t w o  d i f f e r e n t  p o i n t  c o u n t i n g  m e t h o d s  f o r  m o d a l  a n a l y s e s  o f  s a n d s t o n e s :  
t r a d i t i o n a l  p o i n t  c o u n t i n g  m e t h o d  a n d  t h e  s o  c a l l e d  G a z z i - D i c k i n s o n  p o i n t  c o u n t i n g  
m e t h o d  ( I n g e r s o l l  e t  a I . ,  1 9 8 4 ;  Z u f f a ,  1 9 8 5 ) .  T h e  k e y  d i f f e r e n c e  b e t w e e n  t h e  t w o  
m e t h o d s  l i e s  i n  t h e  t r e a t m e n t  o f  r o c k  f r a g m e n t s .  I n  t h e  t r a d i t i o n a l  p o i n t  c o u n t i n g  
m e t h o d ,  a l l  r o c k  f r a g m e n t s  a r e  i n c l u d e d  i n  t h e  l i t h i c  p o l e .  B y  c o n t r a s t ,  t h e  l i t h i c  p o l e  
i n  t h e  G a z z i - D i c k i n s o n  m e t h o d  i n c l u d e s  o n l y  t h e  f i n e  g r a i n e d  l i t h i c  f r a g m e n t s  i n  
w h i c h  n o  i n d i v i d u a l  c r y s t a l  o r  g r a i n  i s  l a r g e r  t h a n  0 . 0 6 2 5  m m  i n  s i z e  ( t h e  l o w e r  l i m i t  
o f  s a n d  s i z e ) .  F o r  t h e  c o a r s e  g r a i n e d  l i t h i c s ,  w h i c h  a r e  c o m p o s e d  o f  c r y s t a l s  o r  
g r a i n s  l a r g e r  t h a n  0 . 0 6 2 5  m m  i n  s i z e ,  t h e  s a n d  s i z e d  c r y s t a l  o r  g r a i n  i s  c o u n t e d  i n t o  
t h e  c a t e g o r y  o f  t h e  c r y s t a l  o r  g r a i n  r a t h e r  t h a n  t h a t  o f  t h e  l i t h i c  f r a g m e n t .  
T h e  t r a d i t i o n a l  p o i n t  c o u n t i n g  m e t h o d  i s  g e n e r a l l y  a p p l i e d  t o  t h e  s t u d y  o f  s a n d s t o n e  
d i a g e n e s i s  ( e . g .  B u r n s  a n d  E t h r i d g e ,  1 9 7 9 ;  L o u c k s  e t  a I . ,  1 9 8 4 ;  K a n t o r o w i c z ,  
1 9 8 5 ) .  T h e  G a z z i - D i c k i n s o n  p o i n t  c o u n t i n g  m e t h o d  i s  w i d e l y  u s e d  b y  w o r k e r s  w h o  
p u t  g r e a t e r  e m p h a s i s  o n  u s i n g  p e t r o g r a p h i c  t e c h n i q u e s  t o  d e d u c e  t h e  
p r o v e n a n c e s  o f  a r e n i t e s  i n  a r e a s  o f  a c t i v e  t e c t o n i s m  /  m a g m a t i s m  ( e . g .  I n g e r s o l l ,  
1 9 7 8 ;  D i c k i n s o n  e t  a I . ,  1 9 8 2 ;  J e t t  a n d  H e l i e r ,  1 9 8 8 ) .  
F o r  t h i s  p r o j e c t ,  t h e  t r a d i t i o n a l  p o i n t  c o u n t i n g  m e t h o d  h a s  b e e n  u s e d  ( t h e  r a r e  
p r e s e n c e  o f  c o a r s e  g r a i n e d  l i t h i c s  i n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  e n s u r e s  
t h a t  s e l e c t i o n  o f  p o i n t  c o u n t i n g  m e t h o d  m a k e s  l i t t l e  d i f f e r e n c e  t o  t h e  r e s u l t s  o f  
m o d a l  a n a l y s e s ) .  T h e  q u a n t i t a t i v e  e v a l u a t i o n  o f  c o m p o s i t i o n  a n d  v i s i b l e  p o r o s i t y  o f  
t h e  s a n d s t o n e s  w a s  c a r r i e d  o u t  u s i n g  a  S w i f t  A u t o m a t i c  P o i n t  C o u n t e r  ( M o d e l  F  
4 1 5  C )  a n d  c o u n t i n g  5 0 0  p o i n t s  p e r  t h i n  s e c t i o n  u n d e r  t h e  c r o s s  h a i r s  a t  t h e  
m a x i m u m  g r i d  s p a c i n g ,  w h i c h  r e s u l t e d  i n  c o v e r a g e  o f  t h e  e n t i r e  t h i n  s e c t i o n .  T h e  
r e s u l t s  o f  p o i n t  c o u n t i n g  a r e  p r e s e n t e d  i n  A p p e n d i x  I l l .  
C a r b o n a t e s  w e r e  c o u n t e d  i n t o  t w o  c a t e g o r i e s  " c a r b o n a t e  c e m e n t "  f i l l i n g  p o r e  
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s p a c e s  a n d  " r e p l a c e m e n t  c a r b o n a t e "  r e p l a c i n g  p a r t l y  o r  c o m p l e t e l y  d e t r i t a l  g r a i n s  
f o r  s a m p l e s  f r o m  B o r e h o l e s  A  t o  V .  H o w e v e r ,  f o r  s a m p l e s  f r o m  B o r e h o l e s  W  t o  Z ,  
w h i c h  w e r e  c o u n t e d  d u r i n g  e a r l y  s t a g e  o f  t h e  m o d a l  a n a l y s e s ,  c a r b o n a t e s  w e r e  
c o u n t e d  u n d e r  t h e  t e r m  " c a r b o n a t e s " .  
G r a i n  s i z e  w a s  m e a s u r e d  d i r e c t l y  u n d e r  t h e  p e t r o l o g i c a l  m i c r o s c o p e  b y  m e a n s  o f  a  
m i c r o m e t e r  e y e p i e c e .  T h e  m e a s u r e m e n t  w a s  c a r r i e d  o u t  b y  1 )  r a n d o m l y  s e l e c t  t e n  
d e t r i t a l  g r a i n s  ( n o t  n e c e s s a r i l y  t h e  s a m e  t y p e  o f  d e t r i t a l  g r a i n s ) ,  2 )  m e a s u r e  t h e  
l o n g e s t  i n t e r c e p t  a c r o s s  t h e  g r a i n  i n  t h e  X  a x i s  w i t h o u t  r o t a t i n g  t h e  m i c r o s c o p e  
s t a g e ,  a n d  3 )  a v e r a g e  t h e  v a l u e s  o f  t h e  t e n  m e a s u r e m e n t s .  
S o r t i n g  a n d  r o u n d i n g  w e r e  e s t i m a t e d  f r o m  t h i n  s e c t i o n  e x a m i n a t i o n s .  T h e  d e g r e e  
o f  s o r t i n g  r a n g e s  f r o m  v e r y  p o o r l y ,  t h r o u g h  p o o r l y  a n d  m o d e r a t e l y  t o  w e l l  s o r t e d .  
T h e  d e g r e e  o f  r o u n d i n g  r a n g e s  f r o m  a n g u l a r ,  t h r o u g h  s u b a n g u l a r  a n d  s u b r o u n d e d  
t o  w e l l  r o u n d e d .  
E v e n  t h o u g h  p o r o s i t y  c h a r a c t e r i s t i c s  w e r e  e x a m i n e d  u n d e r  t h e  p e t r o l o g i c a l  
m i c r o s c o p e ,  t h e  s t u d y  o f  p o r o s i t y  c h a r a c t e r i s t i c s  i s  n o t  a n  e a s y  t a s k  s i n c e  t h e  b l u e  
d y e  p e n e t r a t i o n  i s  n o t  a l w a y s  c o m p l e t e  i n  e v e r y  t h i n  s e c t i o n  a n d  t h e  i n a d e q u a t e  
g r i n d i n g  o f  t h i n  s e c t i o n s  c a n  c r e a t e  a r t i f i c i a l  p o r e  s p a c e s .  I n  s o m e  t h i n  s e c t i o n s ,  t h e  
d e t e r m i n a t i o n  o f  p o r o s i t y  a n d  i t s  o r i g i n  b y  t h i s  m e t h o d  i s  v e r y  s u b j e c t i v e .  
A s  i n d i c a t e d  b y  I n g e r s o l l  ( 1 9 7 8 )  a n d  M o o r e  ( 1 9 7 9 ) ,  t h e  u n c e r t a i n t y  o f  i d e n t i f y i n g  
d e t r i t a l  c l a s t s  i s  o n l y  o n e  o f  t h e  s o u r c e s  o f  c o u n t i n g  e r r o r s .  T h i s  m e a n s  t h a t  t h e  
c o u n t i n g  e r r o r  p u r e l y  d u e  t o  t h e  s t a t i s t i c a l  v a r i a t i o n  i s  t h e  m i n i m u m  e s t i m a t e  o f  t h e  
t o t a l  e r r o r s .  A t  t h e  9 5  %  c o n f i d e n c e  l e v e l  ( 2 ( ) )  a n d  c o u n t i n g  5 0 0  p o i n t s ,  4 . 6  %  i s  t h e  
m a x i m u m  c o u n t i n g  e r r o r  w h o l l y  r e s u l t i n g  f r o m  t h e  s t a t i s t i c a l  v a r i a t i o n  ( V a n  D e r  P l a s  
a n d  T o b i ,  1 9 6 5 )  
5  3  D E S C R I P T I O N  O F  C O M P O N E N T S  A N D  P O R O S I T Y  
5 . 3 . 1  Q U A R T Z  
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T h e  d e t r i t a l  q u a r t z  g r a i n s  r e c o g n i s e d  c o n s i s t  o f  t h r e e  t y p e s :  ( 1 )  u n s t r a i n e d  
m o n o c r y s t a i l i n e  g r a i n s  d i s p l a y i n g  u n i f o r m  e x t i n c t i o n  ( F i g s  5 - 1  &  5 - 2 ) ,  ( 2 )  s t r a i n e d  
m o n o c r y s t a l l i n e  g r a i n s  d i s p l a y i n g  u n d u l a t o r y  e x t i n c t i o n  ( F i g  5 - 3 ) ,  a n d  ( 3 )  
p o l y c r y s t a l l i n e  g r a i n s .  I n  a d d i t i o n ,  a  t r a c e  a m o u n t  o f  c h a l c e d o n y  w a s  a l s o  
r e c o g n i s e d  i n  a  f e w  t h i n  s e c t i o n s .  T y p e s  ( 1 )  a n d  ( 2 )  w e r e  c o u n t e d  u n d e r  t h e  t e r m  
" m o n o c r y s t a l l i n e  q u a r t z "  w h e r e a s  t y p e  ( 3 )  a s  w e l l  a s  c h a l c e d o n y  w e r e  c o u n t e d  
u n d e r  t h e  t e r m  " p o l y c r y s t a l l i n e  q u a r t z " .  
T h e  h i g h e s t  d e t r i t a l  m o n o c r y s t a i l i n e  q u a r t z  c o n t e n t  i s  r e c o r d e d  i n  s a m p l e s  X 2 8 1 . 3  
a n d  X 2 9 7 . 7  ( t h e  l e t t e r  p r e f i x  o f  s a m p l e  n u m b e r s  r e f e r s  t o  t h e  b o r e h o l e  l o c a t i o n  
s h o w n  i n  F i g  5 - 4 ,  t h e  f o l l o w i n g  n u m b e r  i s  t h e  d r i l l i n g  d e p t h  i n  m e t e r s  f r o m  w h i c h  t h e  
s a m p l e  w a s  t a k e n )  i n  w h i c h  i t  a c c o u n t s  f o r  7 3 . 2  %  o f  t h e  t o t a l  s a n d s t o n e  ( A p p e n d i x  
I l l ) .  S a m p l e s  K 0 3 0 . 7  a n d  K 0 5 7 . 3  h a v e  t h e  l o w e s t  d e t r i t a l  m o n o c r y s t a l l i n e  q u a r t z  
c o n t e n t  o f  3 . 4  %  o f  t h e  t o t a l  s a n d s t o n e .  I n  o t h e r  s a m p l e s ,  t h e  c o n t e n t  v a r i e s  
b e t w e e n  t h e  t w o  e x t r e m e s ,  l a r g e l y  d e p e n d i n g  u p o n  t h e  s t r a t i g r a p h i c  h o r i z o n  f r o m  
w h i c h  t h e  s a m p l e  w a s  s e l e c t e d ,  w h i c h  w i l l  b e  d i s c u s s e d  l a t e r .  
A s  i n d i c a t e d  b y  P e t t i j o h n  e t  a l .  ( 1 9 8 7 ) ,  i t  i s  c o m m o n l y  i m p o s s i b l e  t o  a s s i g n  s p e c i a l  
g r a i n s  i n  a  s a n d s t o n e  t o  o n e  o r  a n o t h e r  s o u r c e  e v e n  t h o u g h  t h e r e  m a y  b e  
d i f f e r e n c e s  i n  t h e  s t a t i s t i c a l  a v e r a g e  f o r  s e v e r a l  d i f f e r e n t  s o u r c e  r o c k  t y p e s .  T h i s  i s  
c o n s i d e r e d  t o  b e  t r u e  f o r  m o s t  o f  t h e  d e t r i t a l  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  i n  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s .  F o r  s o m e  o f  t h e  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s ,  
h o w e v e r ,  t h e y  d o  s h o w  t h e  c h a r a c t e r i s t i c s  t y p i c a l  o f  o n e  p a r t i c u l a r  s o u r c e  r o c k  a s  
p r o p o s e d  b y  B l a t t  e t  a l .  ( 1 9 8 0 ) .  
T h e  h i g h  p r o p o r t i o n  o f  c o a r s e  g r a i n e d  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  i n  s o m e  
c o a r s e  q u a r t z  r i c h  s a n d s t o n e s  i n  t h e  B a l d  H i l l ,  U p p e r  a n d  L o w e r  B u l g o  O p e r a t i o n a l  
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Fig 5-1 Unstrained monocrystalline quartz grains (Q) with overgrowths (0). 
Note: one of the detrital quartz grains (centre of photograph) contains many fluid 
inclusions. This may imply that the detrital quartz grain is of hydrothermal vein 
origin. Top - plane polarised light. bottom - crossed nicols. From Brush CK 1 at 
drilling depth of 128.0 m (sample E128.0). Scale bar is 0.125 mm. 
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Fig 5-2 Unstrained monocrystalline quartz grains (Q) with overgrowths (0). C 
marks single carbonate crystals. Top - plane polarised light, bottom - crossed 
nicols. From Cobbitty 3 at drilling depth of 490.9 m (sample X490.9). Scale bar is 
0.25 mm. 
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Fig 5-3 Strained monocrystalline quartz grain (Q), deformed muscovite (M), 
argillized volcanic rock fragments (V), and chert (C). Top - plane polarised light, 
bottom - crossed nicols. From Coal Cliff 17 at drilling depth of 234.7 m (sample 
B234.7). Scale bar is 0.25 mm. 
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F i g  5 - 4  B o r e h o l e  l o c a t i o n s  a n d  r e g i o n a l  s u b d i v i s i o n s  o f  t h e  S y d n e y  B a s i n .  
9 1  
U n i t s  i n  t h e  w e s t  m a r g i n  a n d  w e s t e r n  p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n  o f  t h e  b a s i n  
( F i g  5 - 4 )  i m p l i e s  t h a t  a t  l e a s t  s o m e  o f  t h e  q u a r t z  g r a i n s  w e r e  d e r i v e d  f r o m  g r a n i t e s  
( c f .  B l a t t  e t  a I . ,  1 9 8 0 ) .  S o m e  o f  t h e  q u a r t z  g r a i n s  i n  s a n d s t o n e s ,  w h i c h  a r e  f r o m  t h e  
W o m b a r r a  a n d  S c a r b o r o u g h  O p e r a t i o n a l  U n i t s  i n  t h e  n o r t h e r n  r e g i o n  a n d  t h e  e a s t  
c o a s t  z o n e  o f  t h e  b a s i n  ( F i g  5 - 4 ) ,  s h o w  a n  o r i g i n a l l y  e u h e d r a l  c r y s t a l  f o r m ,  
s o m e t i m e s  w i t h  e x s o l v e d  b o u n d a r i e s .  T h i s  i n d i c a t e s  t h a t  t h e y  a r e  v o l c a n i c  d e r i v e d  
q u a r t z .  S o m e  o f  t h e  d e t r i t a l  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  c o n t a i n  m a n y  f l u i d  
i n c l u s i o n s  a n d  h a v e  a  v e r y  c l o u d y  a p p e a r a n c e  u n d e r  p l a n e  p o l a r i s e d  l i g h t  ( F i g  5 -
1 ) .  T h e y  a r e  m o s t  l i k e l y  d e r i v e d  f r o m  h y d r o t h e r m a l  v e i n  s o u r c e s .  
D e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  a r e  p r e s e n t  i n  t h r e e  d i f f e r e n t  f o r m s :  ( 1 )  
c o m p o s i t e  c o n s i s t i n g  o f  u n i f o r m l y  s i z e d  c r y s t a l s ,  w h i c h  h a v e  m o s t l y  s t r a i g h t  o r  
s u t u r e d  c o n t a c t s  ( F i g  5 - 5 ) .  ( 2 )  c o m p o s i t e  c o n s i s t i n g  o f  d i f f e r e n t  s i z e d  c r y s t a l s  ( F i g  5 -
6 ) ,  a n d  ( 3 )  c o m p o s i t e  w i t h  p r e f e r r e d  o r i e n t a t i o n  o f  e l o n g a t e  c r y s t a l s ,  o f  w h i c h  s o m e  
h a v e  s u t u r e d  c o n t a c t s  ( F i g  5 - 7 ) .  T y p e  ( 3 )  i s  t h e  l e a s t  a b u n d a n t .  
T h e  h i g h e s t  c o n t e n t  o f  d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  i s  r e c o r d e d  i n  s a m p l e  
X 4 7 6 . 2  a s  2 3 . 2  %  o f  t h e  t o t a l  s a n d s t o n e .  I n  s a m p l e  W 3 3 4 . 9 ,  n o  d e t r i t a l  
p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  w e r e  r e c o g n i s e d .  I n  m o s t  o t h e r  s a m p l e s ,  t h e  c o n t e n t  
r a n g e s  f r o m  2 . 0  %  t o  7 . 0  % .  T h e  a b u n d a n c e  o f  d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  
i n  s a n d s t o n e s  i s  c o n t r o l l e d  b y  t h e  g r a i n  s i z e  a n d  t h e  d e t r i t a l  s o u r c e .  T h i s  w i l l  b e  
d i s c u s s e d  l a t e r  i n  s o m e  d e t a i l .  
T h e  d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  a r e  c o n s i d e r e d  t o  b e  l a r g e l y  d e r i v e d  f r o m  
m e t a m o r p h i c  r o c k s  i n c l u d i n g  q u a r t z i t e s  a s  m o s t  o f  t h e m  c o n t a i n  m o r e  t h a n  5  
m o n o c r y s t a l l i n e  c r y s t a l s ,  s u t u r e d  c o n t a c t s  ( F i g  5 - 5 )  a n d  /  o r  p r e f e r r e d  o r i e n t a t i o n  
( F i g  5 - 7 )  ( c f .  B l a t t  e t  a I . ,  1 9 8 0 ) .  I n  a d d i t i o n ,  a  s m a l l  n u m b e r  o f  t h e  p o l y c r y s t a l l i n e  
q u a r t z  g r a i n s  s h o w  a  c l o u d y  a p p e a r a n c e  u n d e r  p l a n e  l i g h t ,  w h i c h  i s  c a u s e d  b y  
a b u n d a n t  f l u i d  i n c l u s i o n s  ( F i g  5 - 6 ) .  L i k e  t h e  d e t r i t a l  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  
~ 
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Fig 5-5 
Polycrystalline quartz grain (PQ), monocrystalline quartz grain (Q), 
silicified volcanic rock fragment (V), and carbonate cement (C). Top _ plane 
polarised light, bottom - crossed nicols. From Cobbitty 3 at drilling depth of 490.9 
m (sample X490.9). Scale bar is 0.25 mm. 
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Fig 5-6 Polycrystalline quartz grain {pal and monocrystalline quartz grain 
(a). Note: the polycrystalline quartz and the monocrystalline quartz marked with a 
contain many fluid inclusions. This may imply that they are of hydrothermal vein 
origin. Top - plane polarised light, bottom - crossed nicols. From Cob bitty 3 at 
drilling depth of 508.2 m (sample X508.2). Scale bar is 0.25 mm. 
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Fig 5-7 Zoned polycrystaliine quartz grain (PO) and monocrystaliine quartz 
grains (a). Top - plane polarised light, bottom - crossed nicols. From Weromba 2 at 
drilling depth of 289.8 m (sample W289.8). Scale bar is 0.625 mm. 
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9 5  
w i t h  a  c l o u d y  a p p e a r a n c e ,  t h e y  w e r e  p r o b a b l y  d e r i v e d  f r o m  h y d r o t h e r m a l  v e i n  
s o u r c e s .  
Q u a r t z  o v e r g r o w t h s  w e r e  r e c o g n i s e d  i n  a  n u m b e r  o f  t h i n  s e c t i o n s ,  p a r t i c u l a r l y  
t h o s e  r i c h  i n  q u a r t z  ( F i g s  5 - 1  &  5 - 2 ) ,  a n d  i n  s o m e  t h i n  s e c t i o n s  i t  i s  n o t  e a s y  o r  
p o s s i b l e  t o  d i s t i n g u i s h  q u a r t z  o v e r g r o w t h  f r o m  t h e  d e t r i t a l  q u a r t z  g r a i n  d u e  t o  l a c k  
o f  a  c l e a r  b o u n d a r y  ( F i g  5 - 8 ) .  F o r  t h e  s a m p l e s  f r o m  B o r e h o l e s  A  t o  V ,  q u a r t z  
o v e r g r o w t h s  w e r e  c o u n t e d  i n t o  a  s e p a r a t e d  c a t e g o r y  " q u a r t z  o v e r g r o w t h s " .  T h e  
c o u n t i n g  r e s u l t s  s h o w  t h a t  q u a r t z  o v e r g r o w t h s  a r e  r a r e l y  m o r e  t h a n  2 . 0  %  o f  t h e  
t o t a l  s a n d s t o n e .  N o  q u a n t i t a t i v e  e v a l u a t i o n  o f  q u a r t z  o v e r g r o w t h s  w a s  m a d e  f o r  t h e  
s a m p l e s  f r o m  B o r e h o l e s  W  t o  Z .  I n  t h e s e  s a m p l e s ,  q u a r t z  o v e r g r o w t h s  o n  d e t r i t a l  
m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  w e r e  c o u n t e d  u n d e r  " m o n o c r y s t a l l i n e  q u a r t z "  
w h e r e a s  t h o s e  r a r e  o c c u r r e n c e s  o n  d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  w e r e  
c o u n t e d  u n d e r  " p o l y c r y s t a l l i n e  q u a r t z " .  I n  t h e  m a j o r i t y  o f  t h e s e  s a n d s t o n e s ,  
h o w e v e r ,  t h e  c o n t e n t  o f  q u a r t z  o v e r g r o w t h s  w a s  e s t i m a t e d  t o  b e  l e s s  t h a n  2  %  o f  
t h e  t o t a l  s a n d s t o n e .  
I n  a d d i t i o n  t o  q u a r t z  o v e r g r o w t h s ,  q u a r t z  c e m e n t  ( F i g  5 - 9 )  a s  m e g a - q u a r t z  w a s  
s e e n  i n  t h r e e  s a m p l e s  B 2 3 4 . 7 ,  C 1 3 2 . 6 ,  a n d  J 5 1 4 . 8  f r o m  t h e  s o u t h e r n  e a s t  c o a s t  
z o n e  ( F i g  5 - 4 ) .  I n  t h e s e  t h r e e  s a m p l e s  t h e  q u a r t z  c e m e n t  a c c o u n t s  f o r  3 . 2  % ,  8 . 8  %  
a n d  8 . 8  %  o f  t h e  t o t a l  s a n d s t o n e  r e s p e c t i v e l y .  
5 . 3 . 2  F E L D S P A R  
F e l d s p a r  w a s  c o u n t e d  i n t o  t w o  c a t e g o r i e s :  p o t a s s i u m  f e l d s p a r  a n d  p l a g i o c l a s e .  
T h e  f o r m e r  c o n s i s t s  l a r g e l y  o f  o r t h o c l a s e  ( F i g  5 - 1 0 )  a n d  s a n i d i n e  a n d  t o  a  l e s s e r  
e x t e n t  m i c r o c l i n e  ( F i g  5 - 1 1 )  a n d  p e r t h i t e  ( F i g  5 - 1 2 ) .  T h e  l a t t e r  i s  c o m p o s e d  o f  
o l i g o c l a s e  - a n d e s i n e  ( F i g s  5 - 1 3  &  1 4 ) ,  a s  a l s o  r e c o g n i s e d  b y  M a r t i n  a n d  B a k e r  
( 1 9 8 7 ) .  T h e  p o t a s s i u m  f e l d s p a r  i s  g e n e r a l l y  m o r e  a b u n d a n t  t h a n  t h e  p l a g i o c l a s e .  
F e l d s p a r  o v e r g r o w t h s  o n  b o t h  o r t h o c l a s e  ( F i g  5 - 1 0 )  a n d  p l a g i o c l a s e  g r a i n s  ( F i g  5 -
96 
Fig 5-8 Carbonate cement (C) postdating quartz overgrowths (0). Note: 
quartz overgrowths are corroded by the carbonate cement (arrow). The boundary 
between the detrital quartz grain and the overgrowths is not clear. V marks the 
argillized volcanic rock fragment. Top - plane polarised light. bottom - crossed 
nicols. From Oil Longley 1 at drilling depth of 781.5 m (sample 1781.5). Scale bar 
is 0.25 mm. 
• 
• 
• • 
• 
.. 
• 
I I 
0 • 
AI 
, 
• 
• , 
• 
• 
• 
• " • 0 ," 
~ , 
• 
I 
o 
• 
• 
• 
97 
Fig 5-9 Later formed quartz cement (mega-quartz crystals) marked by Ma 
and earlier formed chlorite coating detrital grains (arrows). Top - plane polarised 
light, bottom - crossed nicols. From Coal Cliff 13 at drilling depth of 132.6 m 
(sample C132.6). Scale bar is 0.125 mm. 
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Fig 5-10 Orthoclase (Or) with overgrowths (0). Top - plane polarised light, 
bottom - crossed nicols. From Brush CK 1 at drilling depth of 128.0 m (sample 
E128.0). Scale bar is 0.25 mm. 
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Fig 5-11 Microcline (M) partly replaced by carbonate. Carbonate also 
replaces volcanic rock fragments (R). C marks carbonate cement, V argillized 
volcanic rock fragments, Q monocrystalline quartz, and CH chert. Crossed nicols. 
From Liverpool 91 at drilling depth of 595.2 m (sample L595.2). Scale bar is 0.25 
mm. 
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Fig 5-12 Perthite (P), silicified volcanic rock fragment (V), chert (C), and 
monocrystalline quartz (Q). Top - plane polarised light, bottom - crossed nicols. 
From Oil Longley 1 at drilling depth of 629.3 m (sample 1629.3). Scale bar is 0.25 
mm. 
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Fig 5-13 Plagioclase (P) with overgrowths (albite ?) (0). Crossed nicols. From 
Brush CK at drilling depth of 128.0 m (sample E128.0). Scale bar is 0.25 mm. 
Fig 5-14 Plagioclase (P) corroded by carbonate cement (C). Carbonate (R) 
also partly replaces volcanic rock fragment (upper right corner of 
microphotograph). Crossed nicols. From Cape Banks 1 at drilling depth of 650.3 m 
(sample J650.3). Scale bar is 0.125 mm. 
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Fig 5-13 Plagioclase (P) with overgrowths (albite ?) (0). Crossed nicols. From 
Brush CK at drilling depth of 128.0 m (sample E128.0). Scale bar is 0.25 mm. 
Fig 5-14 Plagioclase (P) corroded by carbonate cement (C). Carbonate (R) 
also partly replaces volcanic rock fragment (upper right corner of 
microphotograph). Crossed nicols. From Cape Banks 1 at drilling depth of 650.3 m 
(sample J650.3). Scale bar is 0.125 mm. 
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1 3 )  w e r e  s e e n ,  b u t  t h e y  a r e  v e r y  r a r e .  
I n  t h e  w e s t  m a r g i n  ( r e p r e s e n t e d  b y  B o r e h o l e s  a ,  T ,  W ,  a n d  R ) ,  t h e  w e s t e r n  p o r t i o n  
o f  t h e  s o u t h e r n  r e g i o n  ( r e p r e s e n t e d  b y  B o r e h o l e s  X  t o  Z )  a n d  B o r e h o l e  K  ( F i g  5 - 4 ) ,  
t h e  m a j o r i t y  o f  t h e  s a n d s t o n e s ,  e s p e c i a l l y  t h o s e  r i c h  i n  d e t r i t a l  q u a r t z  g r a i n s ,  h a v e  
l e s s  t h a n  2 . 0  %  d e t r i t a l  f e l d s p a r .  B o t h  d e t r i t a l  p o t a s s i u m  f e l d s p a r  a n d  p l a g i o c l a s e  
a r e  m o r e  a b u n d a n t  i n  t h e  e a s t  c o a s t  z o n e  o f  t h e  b a s i n  ( r e p r e s e n t e d  b y  B o r e h o l e s  
B ,  C ,  L ,  J ,  a n d  M ) .  S a m p l e  L 5 7 9 . 2  c o n t a i n s  t h e  m o s t  a b u n d a n t  p o t a s s i u m  f e l d s p a r  
a n d  p l a g i o c l a s e  ( 1 0 . 0  %  a n d  5 . 0  %  o f  t h e  t o t a l  s a n d s t o n e  r e s p e c t i v e l y ) .  
D e t r i t a l  f e l d s p a r  g r a i n s  a r e  g e n e r a l l y  a l t e r e d  ( F i g  5 - 1 0 ) .  I n  f a c t ,  s o m e  o f  t h e m  h a v e  
a l t e r e d  t o  s u c h  a n  e x t e n t  t h a t  i t  i s  i m p o s s i b l e  t o  i d e n t i f y  t h e  t y p e  o f  f e l d s p a r .  I n  t h i s  
c a s e ,  t h e  g r a i n s  w e r e  c o u n t e d  a s  d e t r i t a l  p o t a s s i u m  f e l d s p a r .  I n  a d d i t i o n  d e t r i t a l  
f e l d s p a r  g r a i n s  a r e  e a s y  t a r g e t s  f o r  c a r b o n a t e  r e p l a c e m e n t .  S o m e  h a v e  b e e n  p a r t l y  
o r  c o m p l e t e l y  r e p l a c e d  b y  c a r b o n a t e s  ( F i g s  5 - 1 1  &  1 4 )  a n d  s o m e  o f  t h e  s e c o n d a r y  
p o r e  s p a c e s  s e e n  i n  t h i n  s e c t i o n s  a r e  c r e a t e d  b y  t h e  d i s s o l u t i o n  o f  d e t r i t a l  f e l d s p a r  
g r a i n s .  P a t c h y  k a o l i n  f l a k e s  w i t h  t h e  o u t l i n e  o f  d e t r i t a l  K - f e l d s p a r  g r a i n s  a r e  
c o n s i d e r e d  t o  r e s u l t  f r o m  k a o l i n  r e p l a c e m e n t .  
5 . 3 . 3  L I T H I C  F R A G M E N T S  
R o c k  f r a g m e n t s  a r e  d o m i n a t e d  b y  v o l c a n i c  r o c k  c l a s t s  w i t h  a  t r a c e  a m o u n t  o f  
g r a n i t i c ,  m e t a m o r p h i c  a n d  s e d i m e n t a r y  r o c k  f r a g m e n t s .  
( i )  I g n e o u s  R o c k  F r a g m e n t s  
I n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  i g n e o u s  r o c k  f r a g m e n t s  a r e  o v e r w h e l m i n g l y  
c o m p o s e d  o f  v o l c a n i c  l i t h i c s .  T h e y  w e r e  m a i n l y  d e r i v e d  f r o m  s i l i c i c  ( r h y o l i t e  -
d a c i t e )  a n d  t o  l e s s e r  e x t e n t  i n t e r m e d i a t e  f l o w s  a n d  t u f t s .  T h e y  s h o w  a  w i d e  r a n g e  o f  
t e x t u r a l  v a r i a t i o n s ,  a s  a l s o  r e c o g n i s e d  b y  M a r t i n  a n d  B a k e r  ( 1 9 8 7 ) .  M a n y  g r a i n s  
s h o w  t y p i c a l  i g n e o u s  t e x t u r e s  s u c h  a s  p o r p h y r i t i c ,  s p h e r u l i t i c  a n d  t r a c h y t i c .  
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T h e  d e t r i t a l  v o l c a n i c  l i t h i c s  c o n s i s t  o f  t w o  m a j o r  g r o u p s :  f e l s i t i c  ( s i l i c i f i e d )  a n d  v i t r i c  
( a r g i l l i z e d )  t y p e s  o f  D i c k i n s o n  ( 1 9 7 0 ,  1 9 8 5 ) .  T h e  f o r m e r  b r o a d l y  r e s e m b l e  t h e  
d e t r i t a l  c h e r t  g r a i n s  ( F i g  5 - 1 2 )  a n d  w e r e  d e r i v e d  f r o m  s i l i c i c  v o l c a n i c  r o c k s  o r  f l o w s  
a n d  t u f f s  w h i c h  h a v e  b e e n  s i l i c i f i e d .  T h e i r  d i s t i n c t i o n  f r o m  d e t r i t a l  c h e r t  g r a i n s  i s  
v e r y  d i f f i c u l t  a n d  e v e n  i m p o s s i b l e  i n  s o m e  t h i n  s e c t i o n s .  T h e  d i s t i n c t i o n  c a n  b e  
m a d e  w i t h  c o n f i d e n c e  o n l y  i f  t h e y  c o n t a i n  m i c r o p h e n o c r y s t s ,  o r  h a v e  
g r o u n d m a s s e s  c o a r s e  e n o u g h  t o  s h o w  t h e  c o n t r a s t  i n  R I  b e t w e e n  q u a r t z  a n d  
f e l d s p a r  c r y s t a l l i t e s  o r  i f  t h e  d e t r i t a l  c h e r t  g r a i n s  c o n t a i n  r a d i o l a r i a .  T h e  a r g i l l i z e d  
l i t h i c s  a r e  l a r g e l y  c o m p o s e d  o f  c l a y s ,  t o g e t h e r  w i t h  f e l d s p a r  a n d  q u a r t z  ( F i g s  5 - 3  &  
5 - 8 ) .  T h e y  o r i g i n a t e d  f r o m  g l a s s y  f l o w s  a n d  t u f f s  w h i c h  h a v e  b e e n  d e v i t r i f i e d  a n d  
a l t e r e d  t o  i I I i t e  /  s m e c t i t e  d u r i n g  d i a g e n e s i s .  A l l  a r g i l l i z e d  v o l c a n i c  l i t h i c s  t e n d  t o  
h a v e  a  d i r t y  s u r f a c e  u n d e r  p l a n e  p o l a r i s e d  l i g h t  d u e  t o  a l t e r a t i o n .  T h i s  f e a t u r e ,  
t o g e t h e r  w i t h  t e x t u r e  c h a r a c t e r i s t i c s ,  w a s  u s e d  t o  d i s t i n g u i s h  t h e m  f r o m  d e t r i t a l  
c h e r t  g r a i n s  a n d  o t h e r  f i n e  g r a i n e d  r o c k  f r a g m e n t s .  
I n  a d d i t i o n  t o  t h e s e  t w o  m a j o r  g r o u p s ,  m i c r o l i t h i c  ( D i c k i n s o n ,  1 9 7 0 ;  1 9 8 5 )  v o l c a n i c  
r o c k  f r a g m e n t s  w e r e  o c c a s i o n a l l y  s e e n  u n d e r  t h e  m i c r o s c o p e  ( F i g s  5 - 1 5  &  5 - 1 6 ) ,  
a n d  a  t r a c e  a m o u n t  o f  g r a n i t i c  r o c k  f r a g m e n t s  w e r e  i d e n t i f i e d  i n  a  f e w  s a m p l e s .  
T h e  h i g h e s t  c o n t e n t  o f  i g n e o u s  r o c k  f r a g m e n t s  r e a c h e s  6 4 . 0  %  o f  t h e  t o t a l  
s a n d s t o n e  i n  s a m p l e  K 0 3 0 . 7 .  S a m p l e  W 2 0 9 . 8  h a s  t h e  l o w e s t  c o n t e n t  o f  i g n e o u s  
r o c k  f r a g m e n t s  o f  0 . 4  % .  
( i i )  S e d i m e n t a r y  R o c k  F r a g m e n t s  
S e d i m e n t a r y  c l a s t s  c o n s i s t  o f  m u d s t o n e ,  s h a l e  ( F i g  5 - 1 7 )  a n d  s i l t s t o n e  ( F i g  5 - 1 8 )  
f r a g m e n t s .  S o m e  o f  t h e  m u d s t o n e  /  s h a l e  f r a g m e n t s  a r e  i n t r a b a s i n a l  m u d  c l a s t s  
d e r i v e d  f r o m  i n t e r - c h a n n e l  f l o o d p l a i n  d e p o s i t s .  T h e  m u d s t o n e  a n d  s h a l e  f r a g m e n t s  
w e r e  r e c o g n i s e d  b y  s e v e r a l  c h a r a c t e r i s t i c s :  m u c h  l a r g e r  t h a n  s u r r o u n d i n g  d e t r i t a l  
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Fig 5-15 Volcanic rock fragment (V) with feldspar lathworks and silicified 
volcanic rock fragment (V1). Top - plane polarised light, bottom - crossed nicols. 
From Brush CK 1 at drilling depth of 243.6 m (sample E243.6). Scale bar is 0.25 
mm. 
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Fig 5-16 Volcanic rock fragment with feldspar lathworks (V). Top - plane 
polarised light, bottom - crossed nicols. From Brush CK 1 at drilling depth of 128.0 
m (sample E128.0). Scale bar is 0.25 mm. 
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Fig 5-17 Shale fragment (S) deformed by adjacent quartz grains. Top - plane 
polarised light, bottom - crossed nicols. From Liverpool 91 at drilling depth of 
595.2 m (sample L595.2). Scale bar is 0.25 mm. 
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Fig 5-18 Siltstone fragment (S). crossed nicels. From Oil Longley 1 at drilling 
depth of 830.4 m (sample 1830.4). Scale bar is 0.625 mm. 
Fig 5-19 Chert grain (C) with radiolaria. which appear as spherulitic bodies 
consisting of chalcedony. Crossed nicols. From Weromba 2 at drilling depth of 
430.8 m (sample W430.8). Scale bar is 0.625 mm. 
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g r a i n s  i n  s i z e  a n d  t e n d i n g  t o  e n g u l f  t h e  a d j a c e n t  h a r d  d e t r i t a l  g r a i n s  a s  w e l l  a s  
s e d i m e n t a r y  l a m i n a t i o n  f o r  s h a l e  f r a g m e n t s  ( F i g  5 - 1 7 ) .  H o w e v e r ,  t h e y  a r e  v e r y  
e a s i l y  c o n f u s e d  w i t h  a r g i l l i z e d  v o l c a n i c  l i t h i c s .  T h u s  i t  i s  v e r y  l i k e l y  t h a t  t h e  
m u d s t o n e  a n d  s h a l e  f r a g m e n t s  w i t h  a  g r a i n  s i z e  s i m i l a r  t o  t h a t  o f  t h e  s u r r o u n d i n g  
d e t r i t a l  g r a i n s  w e r e  c o u n t e d  a s  v o l c a n i c  r o c k  f r a g m e n t s .  T h e  s e d i m e n t a r y  r o c k  
f r a g m e n t s  g e n e r a l l y  a c c o u n t  f o r  l e s s  t h a n  2 . 0  %  o f  t h e  t o t a l  s a n d s t o n e .  I n  m o s t  o f  
t h e  t h i n  s e c t i o n s ,  n o  s e d i m e n t a r y  r o c k  f r a g m e n t s  w e r e  r e c o g n i s e d .  
( i i i )  M e t a m o r p h i c  R o c k  F r a g m e n t s  
M e t a m o r p h i c  r o c k  f r a g m e n t s  c o n s i s t  m a i n l y  o f  s l a t e  a n d  s c h i s t  f r a g m e n t s .  T h e y  
w e r e  r e c o g n i s e d  b y  t h e  p r e f e r r e d  o r i e n t a t i o n  o f  e l o n g a t e  m i n e r a l s  i n  t h e  f r a g m e n t .  
I n  m o s t  o f  t h e  s a m p l e s  n o  m e t a m o r p h i c  r o c k  f r a g m e n t s  w e r e  s e e n .  I n  t h e  s a m p l e s  
w h i c h  d o  c o n t a i n  s u c h  f r a g m e n t s ,  t h e  c o n t e n t  i s  v e r y  s m a l l ,  g e n e r a l l y  l e s s  t h a n  1 . 0  
%  o f  t h e  t o t a l  s a n d s t o n e .  
5 . 3 . 4  C H E R T  
C h e r t  i s  m a d e  u p  o f  m i c r o c r y s t a l l i n e  q u a r t z  ( M i d g l e y ,  1 9 5 1 ;  F o l k  a n d  W e a v e r ,  
1 9 5 2 ) ,  a s  d e t e r m i n e d  b y  X - r a y  d i f f r a c t i o n .  I t  i s  d i s t i n g u i s h e d  f r o m  d e t r i t a l  
p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  b y  i t s  c r y s t a l  s i z e  a n d  f r o m  v o l c a n i c  r o c k  f r a g m e n t s  b y  
i t s  r e l a t i v e  c l e a n n e s s  o f  s u r f a c e  u n d e r  t h e  p e t r o l o g i c a l  m i c r o s c o p e  a n d  i t s  q u a r t z  
c o m p o s i t i o n .  A s  m e n t i o n e d  b e f o r e ,  t h e  d i s t i n c t i o n  b e t w e e n  s i l i c i f i e d  v o l c a n i c  l i t h i c s  
a n d  d e t r i t a l  c h e r t  g r a i n s  i s  a c t u a l l y  n o t  e a s y  o r  p o s s i b l e  i n  s o m e  t h i n  s e c t i o n s .  I n  
t h i s  c a s e ,  t h e  u n c e r t a i n  d e t r i t a l  c l a s t  w a s  c o u n t e d  a s  c h e r t .  I n  s o m e  c h e r t  g r a i n s ,  
r a d i o l a r i a n  r e m a i n s ,  w h i c h  o c c u r  a s  n e a r l y  p e r f e c t  s p h e r e s  f i l l e d  w i t h  q u a r t z ,  w e r e  
r e c o g n i s e d  ( F i g  5 - 1 9 ) .  T h e i r  p r e s e n c e  i s  t h e  s t r o n g e s t  e v i d e n c e  f o r  t h e  
i d e n t i f i c a t i o n  o f  t h e  g r a i n  a s  d e t r i t a l  c h e r t .  
I n  t h e  s o u t h e r n  S y d n e y  B a s i n ,  t h e  c o n t e n t  o f  d e t r i t a l  c h e r t  g r a i n s  i s  c o n t r o l l e d  b y  
t h e  s t r a t i g r a p h i c  h o r i z o n  f r o m  w h i c h  t h e  s a m p l e  w a s  s e l e c t e d .  P o i n t  c o u n t  d a t a  
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s h o w  t h a t  t h e  c h e r t  c o n t e n t  d e c r e a s e s  u p w a r d s  t o w a r d s  t h e  t o p  o f  t h e  N a r r a b e e n  
G r o u p .  T h e  s a m p l e s  t a k e n  f r o m  t h e  u p p e r  N a r r a b e e n  G r o u p  m o s t l y  h a v e  c h e r t  
c o n t e n t s  l e s s  t h a n  1 . 0  % .  B y  c o n t r a s t ,  t h e  l o w e r  N a r r a b e e n  G r o u p  i s  r e l a t i v e l y  r i c h  
i n  c h e r t  w i t h  c o n t e n t s  o f  m o r e  t h a n  2 . 0  % .  T h e  h i g h e s t  c h e r t  c o n t e n t  w a s  r e c o r d e d  
i n  s a m p l e  J 5 0 1 . 2  i n  w h i c h  d e t r i t a l  c h e r t  g r a i n s  a c c o u n t  f o r  1 7 . 0  %  o f  t h e  t o t a l  
s a n d s t o n e  ( s e e  A p p e n d i x  I l l ) .  
I n  t h e  n o r t h e r n  S y d n e y  B a s i n ,  t h e  d e t r i t a l  c h e r t  c o n t e n t  d o e s  n o t  v a r y  w i t h  t h e  
s t r a t i g r a p h i c  h o r i z o n  i n  a  s y s t e m a t i c  w a y .  I n  t h e s e  s a n d s t o n e s ,  t h e  m a j o r i t y  o f  t h e m  
h a v e  c h e r t  c o n t e n t s  o f  2 . 0  %  t o  4 . 0  % .  
T h e  d e t r i t a l  c h e r t  a b u n d a n c e  g e n e r a l l y  i n c r e a s e s  w i t h  t h e  i n c r e a s e  o f  t h e  d e t r i t a l  
v o l c a n i c  l i t h i c s .  S a n d s t o n e s  r i c h  i n  d e t r i t a l  v o l c a n i c  l i t h i c s  f r o m  t h e  W o m b a r r a  a n d  
S c a r b o r o u g h  O p e r a t i o n a l  U n i t s  h a v e  t h e  m o s t  a b u n d a n t  d e t r i t a l  c h e r t  g r a i n s .  T h i s  
r e l a t i o n s h i p  b e t w e e n  t h e  d e t r i t a l  v o l c a n i c  l i t h i c s  a n d  d e t r i t a l  c h e r t  i s  e x p e c t e d  a s  
r a d i o l a r i a n  c h e r t s  a r e  a b u n d a n t  i n  t h e  N e w  E n g l a n d  F o l d  B e l t  a n d  r a r e  i n  t h e  
L a c h l a n  F o l d  B e l t .  
5 . 3 . 5  M I C A  
M i c a  i n c l u d e s  m u s c o v i t e  a n d  b i o t i t e  w i t h  m u s c o v i t e  b e i n g  m o r e  a b u n d a n t .  D u e  t o  
m e c h a n i c a l  c o m p a c t i o n ,  e l o n g a t e d  m u s c o v i t e  p l a t e s  a r e  u s u a l l y  d e f o r m e d  a r o u n d  
t h e  a d j a c e n t  h a r d  d e t r i t a l  g r a i n  ( F i g  5 - 3 ) .  A p p r o x i m a t e l y  h a l f  o f  t h e  s a m p l e s  d o  n o t  
c o n t a i n  m i c a .  I n  t h e  o t h e r  h a l f ,  i t s  c o n t e n t  r a n g e s  f r o m  0 . 2  %  t o  1 . 2  %  o f  t h e  t o t a l  
s a n d s t o n e .  
5 . 3 . 6  H E A V Y  M I N E R A L S  
T h e  h e a v y  m i n e r a l s  t e n d  t o  h a v e  a  g r a i n  s i z e  s m a l l e r  t h a n  t h e  a v e r a g e  g r a i n  s i z e  o f  
t h e  s a m p l e  c o n t a i n i n g  t h e m .  T h e y  i n c l u d e  l e u c o x e n e ,  t o u r m a l i n e  a n d  z i r c o n  ( F i g  5 -
2 0 ) .  T h e  p e r c e n t a g e s  o f  h e a v y  m i n e r a l s  a r e  e x t r e m e l y  l o w .  I n  t h e  m a j o r i t y  o f  
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Fig 5-20 Detrital zircon grain (centre of photograph). Top - plane polarised 
light. bottom - crossed nicols. From Oil Longley 1 at drilling depth 596.6 m (sample 
1596.6). Scale bar is 0.125 mm. 
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s a m p l e s ,  n o  h e a v y  m i n e r a l s  w e r e  i d e n t i f i e d .  I n  t h e  s a m p l e s  w i t h  h e a v y  m i n e r a l s ,  
t h e  c o n t e n t  i s  g e n e r a l l y  0 . 2  %  t o  0 . 4  % .  T h e  h i g h e s t  c o n t e n t  o f  h e a v y  m i n e r a l s  i s  
0 . 8  %  i n  s a m p l e  Y 5 6 6 . 1 .  
5 . 3 . 7  O X I D E S  
I r o n  o x i d e s  a r e  a b s e n t  f r o m  m o s t  o f  t h e  s a m p l e s .  I n  o t h e r  s a m p l e s ,  t h e y  a r e  0 . 2  %  
t o  0 . 4  %  o f  t h e  t o t a l  s a n d s t o n e  w i t h  t h e  h i g h e s t  c o n t e n t  o f  1 . 2  %  b e i n g  r e c o r d e d  i n  
s a m p l e s  Z 5 1 2 . 4  a n d  A 2 9 5 . 6 .  T h e y  a r e  d e t e r m i n e d  b y  t h e  b r o w n i s h  c o l o u r ,  i r r e g u l a r  
s h a p e ,  o p a q u e n e s s  a n d  a p h a n i t i c  t e x t u r e .  M o s t  o f  t h e m  a r e  d e t r i t a l  g r a i n s .  
D i a g e n e t i c  i r o n  o x i d e s  h a v e  b e e n  r e c o g n i s e d  a n d  t h e y  o c c u r  a s  c o a t i n g s  o n  
d e t r i t a l  g r a i n s  ( F i g  5 - 2 1 )  a n d  r e p l a c e m e n t  o f  d e t r i t a l  g r a i n s  ( F i g  5 - 2 2 ) .  H o w e v e r ,  n o  
a t t e m p t  w a s  m a d e  t o  s e p a r a t e l y  c o u n t  t h e  t w o  k i n d s  o f  i r o n  o x i d e s  s i n c e  t h e y  
a c c o u n t  f o r  a  v e r y  m i n o r  p r o p o r t i o n  o f  t h e  t o t a l  s a n d s t o n e .  
5 . 3 . 8  C A R B O N A T E  
C a r b o n a t e  o c c u r s  i n  t w o  t y p e s  o f  t e x t u r e :  m i c r o c r y s t a l l i n e  a n d  m a c r o c r y s t a l l i n e  w i t h  
t h e  l a t t e r  a s  t h e  d o m i n a t e  o n e .  T h e  f o r m e r  u s u a l l y  o c c u r s  a s  i r r e g u l a r  p a t c h e s  f i l l i n g  
i n t e r - g r a i n  p o r e  s p a c e s .  T h e  l a t t e r  g e n e r a l l y  s h o w s  t w o  c l e a r  g r o u p s  o f  c l e a v a g e  
a n d  h a s  a  c l e a n  s u r f a c e  u n d e r  p l a n e  p o l a r i s e d  l i g h t .  I t  i s  p r e s e n t  a s  
m o n o c r y s t a l l i n e  c r y s t a l s  ( F i g s  5 - 2  &  5 - 5 )  o r  m o s a i c  c r y s t a l s  ( F i g  5 - 2 3 ) .  T h e  
m a c r o c r y s t a l l i n e  c a r b o n a t e  c r y s t a l s  n o t  o n l y  f i l l  i n t e r - g r a i n  p o r e  s p a c e s  ( F i g s  5 - 5  &  
5 - 2 3 )  b u t  a l s o  p a r t l y  o r  c o m p l e t e l y  r e p l a c e  /  c o r r o d e  d e t r i t a l  g r a i n s  ( F i g s  5 - 8  &  5 - 1 1 )  
a s  w e l l  a s  c o a t  d e t r i t a l  g r a i n s  ( F i g  5 - 2 4 ) .  T h o s e  c o a t i n g  d e t r i t a l  g r a i n s  a r e  m u c h  
l e s s  c o m m o n  t h a n  t h o s e  f i l l i n g  i n t e r - g r a i n  p o r e  s p a c e s  a n d  t h o s e  r e p l a c i n g  /  
c o r r o d i n g  d e t r i t a l  g r a i n s .  
T h e  m a j o r i t y  o f  t h e  s a n d s t o n e s  c o n t a i n  c a r b o n a t e  c e m e n t .  T h e  h i g h e s t  c o n t e n t  o f  
c a r b o n a t e  ( c a r b o n a t e  c e m e n t s  a n d  r e p l a c e m e n t  c a r b o n a t e )  w a s  r e c o r d e d  a s  5 6 . 0  
%  o f  t h e  t o t a l  s a n d s t o n e  i n  s a m p l e  J 6 5 0 . 3 .  
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Fig 5-21 Diagenetic iron oxides (arrows). which coat detrital quartz (Q) and 
chert grains (CH). and carbonate cement (C). Top - plane polarised light. bottom -
crossed nicols. From Coal Cliff 13 at drilling depth of 101.6 m (sample C101.6). 
Scale bar is 0.25 mm. 
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Fig 5-22 Diagenetic iron oxides (0) replacing the volcanic rock fragment, 
chlorite (marked by arrow) coating detrital grains, and quartz cements (mega-
quartz marked by Q) postdating chlorite. The rhombohedral crystals with an 
offwhite interference colour are probably siderites. The iron oxides might be 
formed by oxidation of the siderites. Top - plane polarised light, bottom - crossed 
nicols. From Coal Cliff 13 at drilling depth of 81.1 m (sample C081.1). Scale bar is 
0.125 mm. 
, 
," 
.. 
• 
" 
• 
• 
t, 
• 
1-1------1 
• 
o 
" 
114 
Fig 5-23 Detrital quartz (0) and volcanic rock fragment (V) floating within 
mosaic carbonate cements (C). Note: some of them are partly replaced by the 
carbonate. Top - plane polarised light, bottom - crossed nicols. From Cape Banks 
1 at drilling depth of 650.3 m (sample J650.3). Scale bar is 0.625 mm. 
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Fig 5-24 Carbonate crystals coating detrital quartz grains. Top - plane 
polarised light. bottom - crossed nicols. From Weromba 2 at drilling depth of 300.8 
m (sample W300.8). Scale bar is 0.25 mm. 
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I n  s o m e  t h i n  s e c t i o n s ,  d i s s o l v e d  c a r b o n a t e  c e m e n t s  w e r e  r e c o g n i s e d .  T h e  
d i s s o l u t i o n  h a s  c r e a t e d  s e c o n d a r y  p o r e  s p a c e s .  I n  t h e  p o i n t  c o u n t i n g  n o  a t t e m p t  
w a s  m a d e  t o  r e s t o r e  t h e  c o m p o n e n t s  r e p l a c e d  b y  c a r b o n a t e s  ( m a i n l y  f e l d s p a r s  
a n d  v o l c a n i c  r o c k  f r a g m e n t s ) .  T h u s  t h e  c o n t e n t s  o f  f e l d s p a r s  a n d  r o c k  f r a g m e n t s  
s h o u l d  b e  h i g h e r  t h a n  t h e i r  p e r c e n t a g e s  i n d i c a t e .  
T h e  c a r b o n a t e  c e m e n t s  i n c l u d e  c a l c i t e ,  f e r r o a n  c a l c i t e ,  d o l o m i t e ,  a n k e r i t e ,  a n d  
s i d e r i t e  ( d e t e r m i n e d  b y  S E M  /  E D X  a n a l y s e s  a n d  f u r t h e r  c o n f i r m e d  b y  m i c r o p r o b e  
a n d  X R D  s t u d i e s ) .  H o w e v e r ,  t h e  d i f f e r e n t i a t i o n  o f  t h e m  i s  n o t  e a s y  u n d e r  t h e  
p e t r o l o g i c a l  m i c r o s c o p e .  A  m o r e  c o m p r e h e n s i v e  d i s c u s s i o n  o f  c a r b o n a t e s  f o u n d  i n  
t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  w i l l  b e  m a d e  i n  t h e  n e x t  c h a p t e r .  
5 . 3 . 9  C L A Y  M A T R I X  
T h e  d e f i n i t i o n  o f  c l a y  m a t r i x  u s e d  h e r e  f o l l o w s  t h a t  o f  M o r r i s  e t  a l .  ( 1 9 7 9 ) .  I t  
g e n e r a l l y  r e f e r s  t o  a l l  p a r t i c l e s  w h i c h  a r e  t o o  f i n e  t o  b e  i d e n t i f i e d  w i t h  t h e  
p e t r o l o g i c a l  m i c r o s c o p e .  T h u s  i t  i n c l u d e s  a l l  c l a y  m i n e r a l s ,  w h i c h  m a y  b e  d e t r i t a l  o r  
d i a g e n e t i c ,  c l a y  a n d  s i l t  - s i z e d  m i c a ,  q u a r t z ,  f e l d s p a r  a n d  t h e  p r o d u c t s  c r e a t e d  b y  
b r e a k d o w n  o f  f i n e  g r a i n e d  r o c k  f r a g m e n t s .  I n  s o m e  t h i n  s e c t i o n s ,  a u t h i g e n i c  
c h l o r i t e  c o a t i n g  d e t r i t a l  g r a i n s  ( F i g  5 - 2 5 )  a n d  k a o l i n  f l a k e s  f i l l i n g  i n t e r - g r a i n  p o r e  
s p a c e s  ( F i g  5 - 2 6 )  c a n  b e  i d e n t i f i e d  p o s i t i v e l y  u n d e r  t h e  p e t r o l o g i c  m i c r o s c o p e .  
T h e  c l a y  m a t r i x  c o m m o n l y  o c c u r s  a s  p a t c h e s  f i l l i n g  i n t e r - g r a i n  p o r e  s p a c e s .  T h e  
m o s t  c o m m o n  m a t r i x  o b s e r v e d  i n  t h e  t h i n  s e c t i o n s  c o n s i s t s  o f  d e t r i t a l  c l a y  m i n e r a l s  
a n d  s i l t - s i z e d  q u a r t z  g r a i n s  ( F i g  5 - 2 7 ) .  M o s t  o f  t h e  s a n d s t o n e s  s t u d i e d  h a v e  a  
c o n t e n t  o f  c l a y  m a t r i x  m o r e  t h a n  1 0 . 0  %  o f  t h e  t o t a l  s a n d s t o n e .  T h e  h i g h e s t  c l a y  
m a t r i x  o f  3 2 . 0  %  i s  r e c o r d e d  i n  s a m p l e  M 4 2 0 . B .  S a m p l e  J 6 5 0 . 3  d o e s  n o t  h a v e  c l a y  
m a t r i x .  
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Fig 5-25 Earlier formed chlorite (arrow). which coats detrital polycrystalline 
quartz grain (0). plagioclase (P). and volcanic rock fragments (V). and later formed 
carbonate cement (C). Top - plane polarised light. bottom - crossed nicols. From 
Liverpool 91 at drilling depth of 579.2 m (sample L579.2). Scale bar is 0.125 mm. 
I I • 
• • 
• 
o 
118 
Fig 5-26 Pore-filling authigenic kaolin flakes, plane polarised light. From 
South Colah 1 at drilling depth of 296.5 m (sample 0296.5). Scale bar is 0.0625 
mm. 
Fig 5-27 Clay matrix filling inter-grain pore spaces. 0 marks quartz 
overgrowths. Crossed nicols. From Cobbitty 3 at drilling depth of 508.2 m. Scale 
bar is 0.125 mm. 
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T h e  p o i n t  c o u n t  d a t a  s h o w  t h a t  t h e  a m o u n t  o f  c l a y  m a t r i x  i s  g e n e r a l l y  r e l a t e d  t o  t h e  
g r a i n  s i z e .  I t  w a s  f o u n d  t h a t  t h e  a m o u n t  o f  c l a y  m a t r i x  g e n e r a l l y  h a s  a n  i n v e r s e  
r e l a t i o n s h i p  w i t h  t h e  g r a i n  s i z e .  T h e  c o a r s e  g r a i n e d  s a n d s t o n e s  t e n d  t o  h a v e  l e s s  
c l a y  m a t r i x  t h a n  t h e  f i n e  g r a i n e d  s a n d s t o n e s .  I n  a d d i t i o n ,  t h e  a m o u n t  o f  c l a y  m a t r i x  
g e n e r a l l y  i n c r e a s e s  w i t h  t h e  i n c r e a s e  o f  v o l c a n i c  r o c k  f r a g m e n t s ,  b u t  t h i s  g e n e r a l  
r e l a t i o n s h i p  b e c o m e s  l e s s  c l e a r  i n  B o r e h o l e s  D ,  E ,  a n d  F  i n  t h e  n o r t h e a s t  p a r t  o f  
t h e  B a s i n  ( F i g  5 - 4 ) .  T h e  c l a y  m a t r i x  a n d  c a r b o n a t e  c e m e n t  a r e  a l s o  i n v e r s e l y  
r e l a t e d .  T h e  h i g h e r  t h e  c a r b o n a t e  c e m e n t ,  t h e  l o w e r  t h e  c l a y  m a t r i x .  
5 . 3 . 1 0  P O R O S I T Y  
L i k e  m i n e r a l  c o m p o n e n t s ,  p o r e  s p a c e s  w e r e  a l s o  e v a l u a t e d  i n  t h e  m o d a l  a n a l y s e s .  
S i n c e  a l l  t h i n  s e c t i o n s  w e r e  i m p r e g n a t e d  w i t h  a  b l u e  d y e ,  t h e  p o r e  s p a c e s  w e r e  
i d e n t i f i e d  b y  t h e  b l u e  c o l o u r  u n d e r  p l a n e  p o l a r i s e d  l i g h t .  P o r o s i t y  i n c l u d e s  t h a t  o f  
b o t h  p r i m a r y  a n d  s e c o n d a r y  o r i g i n .  V i s u a l  p r i m a r y  p o r o s i t y  v a r i e s  f r o m  1  t o  1 7  %  o f  
t h e  t o t a l  s a n d s t o n e .  
T h e  c r i t e r i a  u s e d  t o  r e c o g n i s e  s e c o n d a r y  p o r o s i t y  a r e  t h o s e  p r o p o s e d  b y  S c h m i d t  
a n d  M c D o n a l d  ( 1 9 7 9 b ) .  I n  t h e  s a n d s t o n e s  s t u d i e d ,  s e c o n d a r y  p o r o s i t y  i s  m a i n l y  
c r e a t e d  b y  d i s s o l u t i o n .  T h e  t y p e s  o f  s e c o n d a r y  p o r o s i t y  i n c l u d e  o v e r s i z e d ,  m o u l d ,  
i n t r a - g r a i n ,  a n d  i n t r a - c e m e n t .  T h e  s e c o n d a r y  p o r o s i t y  o b t a i n e d  f r o m  t h e  m o d a l  
a n a l y s e s  r a n g e s  f r o m  0  t o  1 1  %  o f  t h e  t o t a l  s a n d s t o n e .  I n  t h r e e  s a m p l e s  ( X 2 8 2 . 0 ,  
X 4 3 6 . 6  a n d  Z 3 9 9 . 0 )  i t  i s  m o r e  t h a n  1 0  %  o f  t h e  t o t a l  s a n d s t o n e ,  b u t  i n  m o s t  o f  t h e  
s a m p l e s  i t  i s  l e s s  t h a n  2 . 0  % .  T h e  h i g h  s e c o n d a r y  p o r o s i t y  i n  t h e s e  t h r e e  s a m p l e s  
w a s  v e r y  l i k e l y  a n  a r t i f a c t  o f  t h i n  s e c t i o n  p r e p a r a t i o n .  
T h e  p o r o s i t y  o f  s a n d s t o n e s  w a s  a l s o  m e a s u r e d  i n  t h e  l a b o r a t o r y  ( w i l l  b e  d i s c u s s e d  
i n  C h a p t e r  8 ) .  B y  c o m p a r i n g  t h e  p o r o s i t y  v a l u e s  f r o m  t h e  p o i n t  c o u n t s  w i t h  t h o s e  
f r o m  m e a s u r e m e n t s  i n  t h e  l a b o r a t o r y ,  i t  w a s  f o u n d  t h a t  t h e  c o u n t e d  p o r o s i t y  t e n d s  
t o  b e  l e s s  t h a n  t h a t  m e a s u r e d .  T h i s  m a y  b e  d u e  t o  m i c r o p o r o s i t y  i n  t h e  s a n d s t o n e s ,  
1 2 0  
w h i c h  i s  n o t  o b s e r v a b l e  u n d e r  t h e  p e t r o l o g i c a l  m i c r o s c o p e .  
5 , 4  T E X T U R E  O F  S A N P S T O N E S  
A s  i n d i c a t e d  b y  p o i n t  c o u n t  d a t a ,  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  c o n s i s t  
p r i n c i p a l l y  o f  d e t r i t a l  q u a r t z  g r a i n s  w i t h  a  r a n g e  o f  5  - 8 0  %  o f  t h e  t o t a l  s a n d s t o n e ,  
l i t h i c  f r a g m e n t s  ( i n c l u d i n g  c h e r t )  w i t h  a  r a n g e  o f  0  - 7 5  %  a n d  t o  a  l e s s  e x t e n t  
f e l d s p a r  g r a i n s  w i t h  a  r a n g e  o f  0  - 1 5  % .  T h e  d e t r i t a l  q u a r t z  a n d  l i t h i c  f r a g m e n t s  
g e n e r a l l y  h a v e  a n  e q u a n t  t o  e l o n g a t e d  s h a p e  ( F i g  5 - 2 5 )  w h e r e a s  t h e  d e t r i t a l  
f e l d s p a r  g r a i n s  a r e  u s u a l l y  p l a t e  s h a p e d  ( F i g s  5 - 1 3  &  5 - 1 4 ) .  
T h e  d e t r i t a l  f r a g m e n t s  r a n g e  i n  r o u n d n e s s  f r o m  a n g u l a r  t o  w e l l  r o u n d e d  w i t h  t h e  
m a j o r i t y  o f  t h e m  b e i n g  s u b a n g u l a r  t o  s u b r o u n d e d .  T h e  w e l l  r o u n d e d  q u a r t z  g r a i n s  
p r o b a b l y  r e p r e s e n t  s e c o n d  c y c l e  s e d i m e n t s  a n d  w e r e  d e r i v e d  f r o m  e a r l i e r  
d e p o s i t e d  s a n d s t o n e s .  T h e  r a r e l y  r o u n d e d  a n g u l a r  q u a r t z  c l a s t s  ( F i g  5 - 9 )  w e r e  
d e r i v e d  f r o m  v o l c a n i c  s o u r c e s .  T h e  s a n d s t o n e s  o f  t h e  N a r r a b e e n  G r o u p  r a n g e  i n  
s o r t i n g  ( r e f e r  t o  s a n d  f r a c t i o n  o n l y )  f r o m  v e r y  p o o r l y  t o  w e l l  s o r t e d .  C o a r s e r  
s a n d s t o n e s  t e n d  t o  b e  p o o r l y  t o  v e r y  p o o r l y  s o r t e d  ( F i g s  5 - 7  &  5 - 1 8 )  w h e r e a s  f i n e r  
s a n d s t o n e s  t e n d  t o  b e  m o d e r a t e l y  t o  w e l l  s o r t e d  ( F i g  5 - 1 3 ) .  
T h e  d e t r i t a l  g r a i n  c o n t a c t s  a r e  l i n e a r  ( F i g  5 - 6 ) ,  w h i c h  r e s u l t s  f r o m  m e c h a n i c a l  
d e f o r m a t i o n  f o l l o w i n g  b u r i a l  o f  s e d i m e n t s .  I n  s o m e  s a n d s t o n e s ,  s u t u r e  c o n t a c t s  
a m o n g  d e t r i t a l  q u a r t z  g r a i n s  ( F i g  5 - 2 8 )  w e r e  o b s e r v e d .  I n  t h e  s a n d s t o n e s  
c o n t a i n i n g  a  s u b s t a n t i a l  a m o u n t  o f  c a r b o n a t e  c e m e n t ,  h o w e v e r ,  t h e  c a r b o n a t e  
p r e v e n t e d  d e t r i t a l  g r a i n s  f r o m  d e f o r m a t i o n  a n d  s o  t h e  d e t r i t a l  g r a i n s  a r e  e i t h e r  i n  
p o i n t  c o n t a c t  ( F i g  5 - 2 4 )  o r  f l o a t  w i t h i n  t h e  c a r b o n a t e  c e m e n t  ( F i g  5 - 2 3 ) .  
5 , 5  C L A S S I F I C A T I O N  O F  S A N P S T O N E S  
T h e  c l a s s i f i c a t i o n  o f  s a n d s t o n e s  i s  a  c o n t r o v e r s i a l  s u b j e c t .  A  l a r g e  n u m b e r  o f  
p a p e r s  o n  t h i s  s u b j e c t  h a v e  b e e n  p u b l i s h e d  ( e . g .  K l e i n ,  1 9 6 3 ;  O k a d a ,  1 9 7 1 ) .  A  
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Fig 5-28 Sutured contact between detrital quartz grains (arrow). Crossed 
nicols. From Cobbitty 3 at drilling depth of 530.7 m (sample W221.1). Scale bar is 
0.125 mm. 
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s u m m a r y  o f  s a n d s t o n e  c l a s s i f i c a t i o n  w a s  g i v e n  m o r e  r e c e n t l y  b y  P e t t i j o h n  e t  a l .  
( 1 9 8 7 ) .  
T h e  s a n d s t o n e  c l a s s i f i c a t i o n  ( F i g  5 - 2 9 ,  T a b l e  5 - 1 )  u s e d  i n  t h i s  t h e s i s  i s  m o d i f i e d  
f r o m  t h e  o n e  p r o p o s e d  b y  F o l k  ( 1 9 6 8 ) .  T h e  c o n t e n t s  o f  t h e  t h r e e  p o l e s  f o l l o w  t h o s e  
b y  F o l k  e x c e p t  t h a t  g r a n i t e  a n d  g n e i s s  f r a g m e n t s  a r e  e x c l u d e d  f r o m  t h e  f e l d s p a r  
p o l e  a n d  t h e y  a r e  i n c l u d e d  i n  t h e  p o l e  f o r  t h e  l i t h i c s .  I n  a d d i t i o n ,  a  5 0  %  q u a r t z  l i n e  
i s  a d d e d  t o  t h e  F o l k ' s  c l a s s i f i c a t i o n  t o  e m p h a s i s e  t h e  s a n d s t o n e s  w i t h  m o r e  t h a n  5 0  
%  b u t  l e s s  t h a n  7 5  %  d e t r i t a l  q u a r t z  g r a i n s .  
T h e  s t a b l e  p o l e s  o f  H a y e s  ( 1 9 7 9 )  a r e  i n c o r p o r a t e d  i n t o  t h e  c l a s s i f i c a t i o n .  A s  
i n d i c a t e d  b y  H a y e s ,  t h e  q u a r t z  p o l e  ( m o n o c r y s t a l l i n e  a n d  p o l y c r y s t a l l i n e  q u a r t z )  
r e p r e s e n t s  t h e  p a r t i c l e s  w h i c h  a r e  b o t h  c h e m i c a l l y  a n d  p h y s i c a l l y  s t a b l e .  T h e  
f e l d s p a r  p o l e  ( a l l  k i n d s  o f  f e l d s p a r s )  c o n s i s t s  o f  t h e  p a r t i c l e s  w h i c h  a r e  p h y s i c a l l y  
s t a b l e  b u t  c h e m i c a l l y  u n s t a b l e .  T h e  l i t h i c  p o l e  ( a l l  k i n d s  o f  l i t h i c  f r a g m e n t s  p l u s  
c h e r t )  r e p r e s e n t s  t h e  p a r t i c l e s  w h i c h  a r e  b o t h  c h e m i c a l l y  a n d  p h y s i c a l l y  u n s t a b l e .  
T h e  c h e m i c a l l y  a n d  p h y s i c a l l y  s t a b l e  c h e r t  i s  i n c l u d e d  i n  t h e  l i t h i c  p o l e  s i n c e  t h e  
d e t r i t a l  c h e r t  g r a i n s  a r e  c o n s i d e r e d  t o  b e  d e r i v e d  f r o m  t h e  s a m e  s o u r c e  ( N e w  
E n g l a n d  F o l d  B e l t )  a s  f i n e  g r a i n e d  v o l c a n i c  r o c k  f r a g m e n t s .  M o r e  i m p o r t a n t l y ,  c h e r t  
g r a i n s  a r e  n o t  a l w a y s  e a s i l y  d i s t i n g u i s h e d  f r o m  f i n e  g r a i n e d  v o l c a n i c  r o c k  
f r a g m e n t s  i n  s o m e  s a m p l e s .  T h u s  t h e  i n c l u s i o n  o f  c h e r t  g r a i n s  i n  t h e  l i t h i c  p o l e  i s  
m o r e  m e a n i n g f u l .  
A s  m e n t i o n e d  b e f o r e ,  a l l  c o m p o n e n t s  ( d e t r i t a l  g r a i n s ,  o x i d e s ,  h e a v y  m i n e r a l s ,  
c a r b o n a t e  c e m e n t s ,  c l a y  m a t r i x ,  a n d  p o r e  s p a c e s )  o f  t h e  s a n d s t o n e  w e r e  c o u n t e d .  
S i n c e  o n l y  d e t r i t a l  f r a m e w o r k  g r a i n s  a r e  r e q u i r e d  f o r  s a n d s t o n e  c l a s s i f i c a t i o n ,  t h e  
p e r c e n t a g e  o f  e a c h  t y p e  o f  d e t r i t a l  c l a s t s  w a s  r e c a l c u l a t e d  ( T a b l e  5 - 1 ) .  T h e  
r e c a l c u l a t e d  v a l u e s  f o r  t h e  f i v e  d e t r i t a l  c 1 a s t s  ( m o n o c r y s t a l l i n e ,  p o l y c r y s t a l l i n e  
q u a r t z ,  f e l d s p a r ,  I i t h i c s  a n d  c h e r t )  a r e  l i s t e d  i n  A p p e n d i x  I V .  T h e s e  v a l u e s  w e r e  
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L l T H I C S  
C H E M I C A L L Y  U N S T A B L E  
M E C H A N I C A L L Y  U N S T A B L E  
S a n d s t o n e  c l a s s i f i c a t i o n .  
1 2 3  
T a b l e  5 - 1  S a n d s t o n e  c l a s s i f i c a t i o n  
Q u a r t z  ( Q )  =  m o n o c r y s t a l i i n e  q u a r t z  ( Q M )  +  p o l y c r y s t a l l i n e  q u a r t z  ( Q P )  
F e l d s p a r  ( F )  =  p o t a s s i u m  f e l d s p a r  ( K F )  +  p l a g i o c l a s e  ( P L )  
1 2 4  
L i t h i c s  ( L )  =  i g n e o u s  r o c k  f r a g m e n t s  ( I R )  +  m e t a m o r p h i c  r o c k  f r a g m e n t s  ( M R )  
+  s e d i m e n t a r y  r o c k  f r a g m e n t s  ( S R )  +  c h e r t  ( C H )  
Q  %  =  Q  /  ( Q  +  F  +  L )  x  1 0 0  %  
Q M  %  =  Q M  /  ( Q  +  F  +  L )  x  1 0 0  %  
Q P  %  =  Q P  /  ( Q  +  F  +  L )  x  1 0 0  %  
F  %  =  F  /  ( Q  +  F  +  L )  x  1 0 0  %  
L  %  =  L  /  ( Q  +  F  +  L )  x  1 0 0  %  
C H  %  =  C H  /  ( Q  +  F  +  L )  x  1 0 0  %  
1 2 5  
u s e d  t o  p l o t  t h e  p o s i t i o n  o f  e a c h  s a m p l e  i n  t h e  t r i a n g u l a r  p l o t  o f  s a n d s t o n e  
c l a s s i f i c a t i o n .  
5 . 6  P E T R I T A L  C O M P O S I T I O N  O F  N A R R A B E E N  G R O U P  S A N D S T O N E S  
T o  d i s c u s s  t h e  d e t r i t a l  c o m p o s i t i o n  o f  t h e  s a n d s t o n e s  i n  t h e  N a r r a b e e n  G r o u p ,  t h e  
S y d n e y  B a s i n  i s  d i v i d e d  i n t o  f o u r  p a r t s  b a s e d  o n  t h e  s i m i l a r i t y  o f  d e t r i t a l  
c o m p o s i t i o n s  o f  t h e  s a n d s t o n e s  i n  e a c h  p a r t :  s o u t h e r n  r e g i o n ,  n o r t h e r n  r e g i o n ,  
w e s t  m a r g i n  a n d  e a s t  c o a s t  z o n e  ( F i g  5 - 4 ) .  T h e  s o u t h e r n  b a s i n  r e f e r s  t o  t h e  p a r t  
s o u t h  o f  t h e  b o u n d a r y  b e t w e e n  t h e  n o r t h e r n  a n d  s o u t h e r n  r e g i o n s  ( i n c l u d i n g  t h e  
s o u t h e r n  r e g i o n ,  s o u t h e r n  w e s t  m a r g i n  a n d  s o u t h e r n  e a s t  c o a s t  z o n e ) .  T h e  
n o r t h e r n  b a s i n  r e f e r s  t o  t h e  p a r t  n o r t h  o f  t h e  b o u n d a r y  ( i n c l u d i n g  t h e  n o r t h e r n  
r e g i o n ,  n o r t h e r n  w e s t  m a r g i n  a n d  n o r t h e r n  e a s t  c o a s t  z o n e ) .  B o r e h o l e s  A ,  N ,  0 ,  P ,  
X ,  Y ,  a n d  Z  a r e  l o c a t e d  i n  t h e  s o u t h e r n  r e g i o n ;  B o r e h o l e s  D ,  E ,  F ,  G ,  H ,  I ,  S ,  U ,  a n d  V  
i n  t h e  n o r t h e r n  r e g i o n  ( B o r e h o l e  K  i s  a l s o  i n c l u d e d  i n  t h i s  r e g i o n ) ;  B o r e h o l e s  0 ,  T ,  
a n d  W  i n  t h e  w e s t  m a r g i n  ( B o r e h o l e  R  i s  a l s o  i n c l u d e d  i n  t h i s  m a r g i n ) ;  a n d  
B o r e h o l e s  B ,  C ,  J ,  L  a n d  M  i n  t h e  e a s t  c o a s t  z o n e .  
5 . 6 . 1  W O M B A R R A  ( W O )  O P E R A T I O N A L  U N I T  
I n  b o t h  t h e  s o u t h e r n  a n d  n o r t h e r n  r e g i o n s ,  t h e r e  i s  a  d o m i n a n c e  o f  l i t h a r e n i t e s  o v e r  
q u a r t z o s e  l i t h a r e n i t e s  w i t h  o n e  o c c u r r e n c e  o f  s u b l i t h a r e n i t e  i n  t h e  n o r t h e r n  r e g i o n .  
O u a r t z o s e  l i t h a r e n i t e s ,  l i t h a r e n i t e s  a n d  s u b l i t h a r e n i t e s  c o m p r i s e  t h e  s a n d s t o n e s  i n  
t h e  w e s t  m a r g i n .  T h e  s a n d s t o n e s  c o n s i s t  l a r g e l y  o f  l i t h a r e n i t e s  i n  t h e  e a s t  c o a s t  
z o n e .  ( F i g  5 - 3 0 )  
5 . 6 . 2  S C A R B O R O U G H  ( S C )  O P E R A T I O N A L  U N I T  
I n  t h e  s o u t h e r n  r e g i o n ,  l i t h a r e n i t e s ,  q u a r t z o s e  l i t h a r e n i t e s  a n d  s u b l i t h a r e n i t e s  
c o m p r i s e  t h e  s a n d s t o n e s .  T o  t h e  n o r t h ,  t h e  s a n d s t o n e s  c o n s i s t  o f  l i t h a r e n i t e s ,  
q u a r t z o s e  l i t h a r e n i t e s ,  a n d  q u a r t z o s e  f e l d s p a t h i c  l i t h a r e n i t e s .  I n  t h e  w e s t  m a r g i n ,  
s u b l i t h a r e n i t e s  a n d  q u a r t z o s e  l i t h a r e n i t e s  c o m p r i s e  t h e  s a n d s t o n e s .  I n  t h e  e a s t  
1 2 6  
Q U A R T Z  
Q U A R T Z  
F E L D S P A R  
L 1 T H I C S  
W O  W E S T  M A  R G I  N  
( c  i  r  c  I  e  Q ,  p i u  s  R ,  s q  u  a r e  T ,  c  r  0  s  s W )  
Q U A R T Z  
F E L D S P A R  
W O  E A S T  C O A S T  Z O N E  
F E L D S P A R  
L I T H I C S  
W O  S O U T H E R N  R E G I O N  
( c i r c l e  N ,  p l u s  0 ,  s q u a r e  p ,  c r o s s  X ,  
s o l  i  d  c  i  r  c l  e  Y ,  s o l  i  d  s  q  u  a r e  Z )  
Q U A R T Z  
L I T  H I  C S  
( c i r c l e  B ,  p l u s  C ,  s q u a r e  L ,  c r o s s  M ,  
d i a m o n d  J )  
L I T H I C S  
F E L D S P A  R  
W O  N O R T H E R N  R E G I O N  
( c i r c l e  D ,  p l u s  E ,  s q u a r e  F ,  c r o s s  G ,  
d i a m o n d  H ,  s o l  i  d  c i  r c l  e  I ,  
s o l  i  d  s  q  u  a r e  K ,  t  r  i  a  n g  l e  S ,  
s  0 1  i  d  t  r  i  a  n g  I  e  U ,  d  a t  V )  
F i g  5 - 3 0  C o m p o s i t i o n s  o f  s a n d s t o n e s  i n  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t .  
1 2 7  
c o a s t  z o n e ,  t h e r e  i s  a n  o v e r w h e l m i n g  d o m i n a n c e  o f  l i t h a r e n i t e s  o v e r  q u a r t z o s e  
l i t h a r e n i t e s  w i t h  o n e  o c c u r r e n c e  o f  s u b l i t h a r e n i t e  a n d  t w o  o c c u r r e n c e s  o f  
f e l d s p a t h i c  l i t h a r e n i t e s .  ( F i g  5 - 3 1 )  
5 . 6 . 3  L O W E R  B U L G O  ( L B )  O P E R A T I O N A L  U N I T  
I n  t h e  s o u t h e r n  r e g i o n ,  t h e  s a n d s t o n e s  c o n s i s t  o f  s u b l i t h a r e n i t e s  a n d  q u a r t z o s e  
l i t h a r e n i t e s .  A  l a r g e  n u m b e r  o f  l i t h a r e n i t e s  a n d  a  l e s s e r  n u m b e r  o f  q u a r t z o s e  
l i t h a r e n i t e s  p l u s  o n e  s u b l i t h a r e n i t e  c o m p r i s e  t h e  s a n d s t o n e s  i n  t h e  n o r t h e r n  r e g i o n .  
S u b l i t h a r e n i t e s  d o m i n a t e  s a n d s t o n e s  i n  t h e  w e s t  m a r g i n .  T o  t h e  e a s t ,  t h e  
s a n d s t o n e s  c o n s i s t  o f  q u a r t z o s e  l i t h a r e n i t e s  a n d  l i t h a r e n i t e s  p l u s  o n e  
s u b l i t h a r e n i t e  a n d  o n e  q u a r t z o s e  f e l d s p a t h i c  l i t h a r e n i t e .  ( F i g  5 - 3 2 )  
5 . 6 . 4  U P P E R  B U L G O  ( U B )  O P E R A T I O N A L  U N I T  
T h e  s a n d s t o n e s  i n  t h e  s o u t h e r n  r e g i o n  a r e  c h a r a c t e r i s e d  b y  a  d o m i n a n c e  o f  
q u a r t z o s e  l i t h a r e n i t e s  o v e r  s u b l i t h a r e n i t e s .  T o  t h e  n o r t h ,  t h e  s a n d s t o n e s  c o n s i s t  
l a r g e l y  o f  q u a r t z o s e  l i t h a r e n i t e s  w i t h  o n e  s u b l i t h a r e n i t e  a n d  t w o  l i t h a r e n i t e s .  T h e r e  
i s  a  d o m i n a n c e  o f  s u b l i t h a r e n i t e s  o v e r  q u a r t z a r e n i t e s  a n d  l i t h a r e n i t e s  i n  t h e  w e s t  
m a r g i n .  T o  t h e  e a s t ,  t h e  s a n d s t o n e s  c o n s i s t  o f  a  l a r g e r  n u m b e r  o f  q u a r t z o s e  
l i t h a r e n i t e s  a n d  a  l e s s e r  n u m b e r  o f  l i t h a r e n i t e s  a s  w e l l  a s  o n e  s u b l i t h a r e n i t e .  ( F i g  5 -
3 3 )  
5 . 6 . 5  B A L D  H I L L  ( B H )  O P E R A T I O N A L  U N I T  
T h e  s a n d s t o n e s  c o n s i s t  o f  q u a r t z a r e n i t e s  a n d  s u b l i t h a r e n i t e s  i n  b o t h  t h e  w e s t  
m a r g i n  a n d  t h e  s o u t h e r n  r e g i o n .  H o w e v e r ,  i n  t h e  s o u t h e r n  r e g i o n  s u b l i t h a r e n i t e s  
o v e r w h e l m  q u a r t z a r e n i t e s .  Q u a r t z o s e  l i t h a r e n i t e  d o m i n a t e s  s a n d s t o n e s  i n  t h e  
n o r t h e r n  r e g i o n .  O n l y  o n e  s a m p l e  i s  a v a i l a b l e  i n  B o r e h o l e  M  i n  t h e  e a s t  c o a s t  z o n e  
a n d  i s  a  q u a r t z o s e  l i t h a r e n i t e .  ( F i g  5 - 3 4 )  
5 , 7  M A I N  F A C T O R S  C O N T R O L L I N G  C O M P O S I T I O N  O F  S A N P S T O N E S  
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Q U A R T Z  
Q U A R T Z  
F E L D S P A R  
L I  T  H I  C S  
S C  W E S T  M A R G I N  
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( c i r c l e  A ,  p l u s  N ,  s q u a r e  0 ,  c r o s s  X ,  
d i a m o n d  Y ,  s o l i d  c i r c l e  Z )  
Q U A R T Z  
F E L D S P A R  L l T H I C S  
S C  E A S T  C O A S T  Z O N E  
( c i r c l e  B ,  p l u s  C ,  s q u a r e  L ,  c r o s s  M ,  
F i g  5 - 3 1  
s o l  i d  c i r c l  e  J )  
F E L D S P A R  
L I T H I C S  
S C  N O R T H E R N  R E G I O N  
( c i r c l e  D ,  p l u s  E ,  s q u a r e  F ,  c r o s s  H ,  
s o l  i d  c  i  r  c l  e l ,  d i a m o n d  S ,  
s o l i d  s q u a r e  U )  
C o m p o s i t i o n s  o f  s a n d s t o n e s  i n  t h e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t .  
Q U A R T Z  
F E L D S P A R  
L B  W E S T  M A R G I N  
( c i r c l e  W )  
Q U A R T Z  
F E L D S P A R  
L B  E A S T  C O A S T  Z O N E  
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Q U A R T Z  
L l T H I C S  
F E L D S P A R  
L I T H I C S  
L B  S O U T H E R N  R E G I O N  
( c i  r c l e  A ,  p l u s  N ,  s q u a r e  0 ,  c r o s s  X ,  
d i a m o n d  Y ,  s o l i d  c i r c l  e  Z )  
Q U A R T Z  
L l T H I C S  
( c i r c l e  B ,  p l u s  C ,  s q u a r e  L ,  c r o s s  M )  
F E L D S P A  R  
L  I T H I C S  
L B  N O R T H E R N  R E G I O N  
( c i r c l e  F ,  p l u s  H ,  s q u a r e  I )  
F i g  5 - 3 2  C o m p o s i t i o n s  o f  s a n d s t o n e s  i n  t h e  L o w e r  B u l g o  O p e r a t i o n a l  U n i t .  
Q U A R T Z  
F E L D S P A R  
U B  W E S T  M A R G I N  
( c i r c l e W )  
Q U A R T Z  
F E L  D S P A  R  
U B  E A  S T  C O A  S T  Z O N E  
1 3 0  
Q U A R T Z  
L I T H I C S  
L  I T H I C S  
F E L D S P A R  
U B  S O U T H E R N  R E G I O N  
( c i r c l e  A ,  p l u s  O , s q u a r e  X , c r o s s  Y ,  
d i a m o n d  Z )  
Q U A R T Z  
L I T H I C S  
( c i r c l e  B ,  p l u s  C ,  s q u a r e  L ,  c r o s s  M )  
F E L D S P A R  
L  I T H I C S  
U B  N O R T H E R N  R E G I O N  
( c i r c l e  F ,  p l u s  H ,  s q u a r e  I )  
F i g  5 - 3 3  C o m p o s i t i o n s  o f  s a n d s t o n e s  i n  t h e  U p p e r  B u l g o  O p e r a t i o n a l  U n i t .  
1 3 1  
Q U A R T Z  
Q U A R T Z  
F E L D S P A R  
B H  W E S T  M A R G I N  
( c i r c l e W )  
Q U A R T Z  
F E L D S P A R  L I T H I C S  
B H  S O U T H E R N  R E G I O N  
( c i  r c l  e O ,  p i  u s  X ,  s q  u a r e  Y ,  c r  o s  s  Z )  
Q U A R T Z  
F E L D S P A R  
B H  E A  S T  C O A S T  Z O N E  
( c i r c l e  M )  
F E L D S P A R  
L I T H I C S  
B H  N O R T H E R N  R E G I O N  
( c  i r e  I  e  F ,  p i u  s i )  
F i g  5 - 3 4  C o m p o s i t i o n s  o f  s a n d s t o n e s  i n  t h e  B a l d  H i l l  O p e r a t i o n a l  U n i t .  
1 3 2  
S a n d s t o n e  c o m p o s i t i o n s  a r e  a f f e c t e d  b y  a  n u m b e r  o f  f a c t o r s .  G r a i n  s i z e ,  
t r a n s p o r t a t i o n ,  d e p o s i t i o n a l  e n v i r o n m e n t ,  d i a g e n e s i s  a n d  p r o v e n a n c e  a r e  a m o n g  
t h e  m a i n  f a c t o r s  ( S u t t n e r ,  1 9 7 4 ) .  
5 . 7 . 1  I N F L U E N C E  O F  G R A I N  S I Z E  O N  S A N D S T O N E  C O M P O S I T I O N  
T h e  d e p e n d e n c e  o f  s a n d s t o n e  c o m p o s i t i o n  o n  g r a i n  s i z e  h a s  b e e n  d e m o n s t r a t e d  
b y  a  n u m b e r  o f  w o r k e r s  ( e . g .  B l a t t ,  1 9 6 7 ;  B a s u ,  1 9 7 6 ;  M a c k  a n d  S u t t n e r ,  1 9 7 7 ) .  T h e  
s a n d s t o n e s  u s e d  f o r  t h i s  p e t r o l o g i c a l  s t u d y  v a r y  f r o m  v e r y  f i n e  t o  v e r y  c o a r s e .  S u c h  
a  w i d e  r a n g e  o f  s a n d s t o n e s  s u p p l i e s  t h e  o p p o r t u n i t y  t o  s t u d y  t h e  r e l a t i o n s h i p s  
b e t w e e n  t h e  g r a i n  s i z e  a n d  t h e  d e t r i t a l  c o m p o s i t i o n  i n  t h e  N a r r a b e e n  G r o u p  
s a n d s t o n e s .  
T a k i n g  t h e  d r i l l i n g  d e p t h  a s  t h e  Y  a x i s ,  a n d  t h e  r e c a l c u l a t e d  p e r c e n t a g e  o f  
i n d i v i d u a l  d e t r i t a l  c l a s t s  ( A p p e n d i x  I V )  a n d  t h e  a v e r a g e  g r a i n  s i z e  m e a s u r e d  u n d e r  
p e t r o l o g i c a l  m i c r o s c o p e  a s  d o u b l e  X  a x e s ,  s i x  d i a g r a m s  ( F i g s  5 - 3 5  t o  5 - 4 0 )  w e r e  
d r a w n  f o r  s e l e c t e d  b o r e h o l e s  f r o m  d i f f e r e n t  l o c a t i o n s  i n  t h e  b a s i n .  F r o m  
c o m p a r i s o n  o f  g r a i n  s i z e  w i t h  t h e  p e r c e n t a g e  o f  i n d i v i d u a l  d e t r i t a l  c l a s t s  
( p o l y c r y s t a l l i n e  q u a r t z ,  m o n o c r y s t a l l i n e  q u a r t z ,  a n d  l i t h i c s  i n c l u d i n g  c h e r t ) ,  g e n e r a l  
c o n c l u s i o n s  w i t h  r e g a r d  t o  t h e  i n f l u e n c e  o f  g r a i n  s i z e  o n  s a n d s t o n e  c o m p o s i t i o n  
c a n  b e  m a d e .  
I n  t h e  w e s t  m a r g i n ,  t h e  w e s t e r n  p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n  a n d  t h e  
s o u t h w e s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n ,  w h i c h  a r e  c l o s e  t o  t h e  
w e s t e r n  L a c h l a n  F o l d  B e l t  q u a r t z o s e  s o u r c e ,  t h e  d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  
a b u n d a n c e  h a s  a  c l e a r  r e l a t i o n s h i p  w i t h  t h e  g r a i n  s i z e  ( F i g  5 - 3 5 ) .  T h e  c o a r s e r  t h e  
s a n d s t o n e s ,  t h e  m o r e  a b u n d a n t  a r e  t h e  d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s .  T h i s  i s  
e a s i l y  i n t e r p r e t e d  b y  t h e  f a c t  t h a t  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  c o n t a i n  t h r e e  o r  m o r e  
m o n o c r y s t a l l i n e  q u a r t z  c r y s t a l s  ( b y  d e f i n i t i o n )  s o  t h a t  t h e y  a r e  u n l i k e l y  t o  b e  p r e s e n t  
i n  f i n e  g r a i n e d  s a n d s t o n e s  i n  l a r g e  a m o u n t s .  T o  t h e  n o r t h e a s t  p o r t i o n  o f  t h e  
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Fig 5-35 The variation of detrital polycrystalline quartz grains with the average grain size and drilling depth for 
Borehole H in the southwestern portion of the northern region, Borehole Z in the western portion of the 
southern region, and Borehole W in the west margin of the Sydney Basin. 
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n o r t h e r n  r e g i o n  a n d  t h e  e a s t  c o a s t  z o n e ,  w h i c h  i s  c l o s e  t o  t h e  n o r t h e a s t e r n  N e w  
E n g l a n d  F o l d  B e l t  l i t h i c  a s  w e l l  a s  q u a r t z o s e  s o u r c e  a n d  t h e  e a s t e r n  o f f s h o r e  
v o l c a n i c  s o u r c e  ( w h i c h  w i l l  b e  d i s c u s s e d  l a t e r ) ,  t h i s  r e l a t i o n s h i p  i s  n o t  a s  e v i d e n t  
( F i g  5 - 3 6 ) .  T h i s  m a y  b e  a t t r i b u t e d  t o  t h e  i n f l u e n c e  o f  t h e  d e t r i t a l  l i t h i c  s o u r c e s .  T h e  
i n f l u e n c e  o f  g r a i n  s i z e  o n  c o m p o s i t i o n  i s  o v e r s h a d o w e d  b y  t h a t  o f  p r o v e n a n c e .  
B o t h  t h e  d e t r i t a l  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  a n d  t h e  d e t r i t a l  l i t h i c s  d o  n o t  h a v e  a  
c l e a r  r e l a t i o n s h i p  w i t h  t h e  g r a i n  s i z e ,  a s  i n d i c a t e d  i n  F i g s  5 - 3 7  t o  5 - 4 0 .  T h e  
c o n t e n t s  o f  d e t r i t a l  m o n o c r y s t a l l i n e  q u a r t z  g r a i n s  a n d  l i t h i c s  i n  t h e  t o t a l  d e t r i t a l  
f r a m e w o r k  g r a i n s  a r e  g e n e r a l l y  i n d e p e n d e n t  o f  g r a i n  s i z e  o f  s a n d s t o n e s .  
I n  c o n c l u s i o n ,  g r a i n  s i z e  h a s  a  m i n o r  i n f l u e n c e  o n  t h e  d e t r i t a l  c o m p o s i t i o n s  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  b y  c o n t r o l l i n g  t h e  c o n t e n t  o f  t h e  m i n o r  c o m p o n e n t  -
d e t r i t a l  p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  i n  s a n d s t o n e s  i n  t h e  w e s t  m a r g i n ,  t h e  w e s t e r n  
p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n  a n d  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  o f  
t h e  b a s i n .  
5 . 7 . 2  I N F L U E N C E  O F  T R A N S P O R T A T I O N ,  D E P O S I T I O N A L  E N V I R O N M E N T  A N D  
D I A G E N E S I S  O N  S A N D S T O N E  C O M P O S I T I O N  
T h e  s e d i m e n t s  o f  t h e  N a r r a b e e n  G r o u p  w e r e  d e p o s i t e d  i n  f l u v i a l  /  l a c u s t r i n e  
d e p o s i t i o n a l  s y s t e m s  ( r e f e r  t o  C h a p t e r  4 ) .  T h e  t r a n s p o r t a t i o n  a n d  t h e  d e p o s i t i o n a l  
e n v i r o n m e n t  s h o u l d  n o t  b e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  o n e  i n d i v i d u a l  s a n d s t o n e  
f a c i e s  t o  a n o t h e r .  T h u s  i t  i s  c o n s i d e r e d  t h a t  t h e s e  t w o  f a c t o r s  d o  n o t  c o n t r o l  t h e  
d e t r i t a l  c o m p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  t o  a n y  g r e a t  e x t e n t .  
I t  h a s  b e e n  k n o w n  f o r  a  l o n g  t i m e  t h a t  s a n d s  u n d e r g o  a  v a r i e t y  o f  t e x t u r a l  a n d  
m i n e r a l o g i c a l  c h a n g e s  d u r i n g  b u r i a l  a n d  s u b s i d e n c e  i n  a  s e d i m e n t a r y  b a s i n ,  
d u r i n g  s t r u c t u r a l  d e f o r m a t i o n  o f  b u r i a l  s e q u e n c e s ,  a n d  d u r i n g  o u t c r o p  w e a t h e r i n g  
( M c B r i d e ,  1 9 8 5 ) .  S o m e  o f  t h e s e  p o s t - d e p o s i t i o n a l  p r o c e s s e s  c a n  s e v e r e l y  c h a n g e  
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Fig 5-36 The variation of the detrital polycrystalline quartz grains with the average grain size and drilling 
depth for Boreholes L and M in the east coast zone and Borehole F in the northeastern portion 
of the northern region of the Sydney Basin. 
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Fig 5-37 The variation of the detrital monocrystalline quartz grains with the average grain size and 
drilling depth for Boreholes W, Z, and L. ~ (.0) 
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Fig 5-38 The variation of the detrital monocrystalline quartz grains with the average grain size and drilling 
depth for Boreholes F, I, and M. 
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Fig 5-39 The variation of the detritallithics with the average grain size and drilling depth for Boreholes W, Z, 
and L. 
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Fig 5-40 The variation of the detritallithics with the average grain size and drilling depth for Boreholes F, I, and M. 
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t h e  o r i g i n a l  c o m p o s i t i o n  o f  t h e  s a n d s .  T h e r e f o r e  t h e s e  c h a n g e s  s h o u l d  b e  
c o n s i d e r e d  w h e n  a n y  a t t e m p t  i s  m a d e  t o  d e d u c e  t h e  p r o v e n a n c e  o f  a n  a n c i e n t  
s a n d s t o n e .  
I n  t h e  c a s e  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  t h e  d i a g e n e t i c  c h a n g e s  a f f e c t i n g  
t h e  o r i g i n a l  c o m p o s i t i o n  o f  t h e  s a n d s t o n e s  m a i n l y  i n c l u d e  c a r b o n a t e  r e p l a c e m e n t  
o f  f e l d s p a r  a n d  v o l c a n i c  l i t h i c s  a n d  d i s s o l u t i o n  I  a l t e r a t i o n  o f  f e l d s p a r  a n d  v o l c a n i c  
l i t h i c s  ( w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  C h a p t e r ) .  A s  a  r e s u l t  o f  t h e s e  d i a g e n e t i c  
c h a n g e s ,  t h e  c o n t e n t s  o f  t h e  d e t r i t a l  f e l d s p a r  g r a i n s  a n d  l i t h i c s  f r o m  p o i n t  c o u n t i n g  
w o u l d  b e  l o w e r  t h a n  t h e i r  o r i g i n a l  c o n t e n t s  i n  t h e  s a n d s t o n e .  H o w e v e r ,  i n  t h e  
m a j o r i t y  o f  s a n d s t o n e s  s t u d i e d  t h e  r e p l a c e m e n t  c a r b o n a t e s  a c c o u n t  f o r  l e s s  t h a n  
2 . 0  %  o f  t h e  t o t a l  s a n d s t o n e  ( r e f e r  t o  A p p e n d i x  I l l ) .  I n  a  v e r y  f e w  s a m p l e s  t h e y  
e x c e e d  5 . 0  %  o f  t h e  t o t a l  s a n d s t o n e .  T h e  d i s s o l u t i o n  p o r o s i t y  i s  l e s s  t h a n  2  %  o f  t h e  
t o t a l  s a n d s t o n e  i n  m o s t  o f  t h e  s a n d s t o n e s .  C o m p l e t e  a l t e r a t i o n  o f  d e t r i t a l  v o l c a n i c  
l i t h i c s  a n d  f e l d s p a r  t o  a u t h i g e n i c  m i n e r a l s  t o o k  p l a c e  i n  a n  e v e n  s m a l l e r  s c a l e  i n  
t h e  s a n d s t o n e s .  T h u s  i t  i s  c o n s i d e r e d  t h a t  t h e s e  d i a g e n e t i c  c h a n g e s  r e c o g n i s e d  i n  
t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  d i d  n o t  a l t e r  t h e  o r i g i n a l  c o m p o s i t i o n  o f  t h e  
s a n d s t o n e s  t o  a  s i g n i f i c a n t  e x t e n t .  
O n e  f i n a l  p o i n t  s h o u l d  b e  n o t e d .  T h e  c o u n t i n g  o f  q u a r t z  o v e r g r o w t h s  i n  t h e  
s a n d s t o n e s  f r o m  B o r e h o l e s  W  t o  Z  i n t o  " m o n o c r y s t a l l i n e  o r  p o l y c r y s t a l l i n e  q u a r t z "  
l e a d s  t o  h i g h e r  c o n t e n t s  o f  d e t r i t a l  q u a r t z  c l a s t s  t h a n  t h e i r  r e a l  c o n t e n t s  i n  t h e s e  
s a n d s t o n e s .  A s  m e n t i o n e d  b e f o r e ,  h o w e v e r ,  v i s u a l  e s t i m a t e s  u n d e r  t h e  p e t r o l o g i c a l  
m i c r o s c o p e  i n d i c a t e  t h a t  q u a r t z  o v e r g r o w t h s  i n  m o s t  o f  t h e  s a n d s t o n e s  f r o m  
B o r e h o l e s  W  t o  Z  a r e  n o t  h i g h e r  t h a n  2  %  o f  t h e  t o t a l  s a n d s t o n e .  I n  a d d i t i o n ,  p o i n t  
c o u n t i n g  d a t a  s h o w  t h a t  q u a r t z  o v e r g r o w t h s  a c c o u n t  f o r  l e s s  t h a n  2  %  o f  t h e  t o t a l  
s a n d s t o n e  i n  t h e  m a j o r i t y  o f  s a n d s t o n e s  f r o m  B o r e h o l e s  A  t o  V .  B a s e d  o n  t h e i r  l o w  
c o n t e n t ,  t h e  i n c o n s i s t e n t  t r e a t m e n t  o f  q u a r t z  o v e r g r o w t h s  d u r i n g  p o i n t  c o u n t i n g  i s  
c o n s i d e r e d  n o t  t o  s i g n i f i c a n t l y  c h a n g e  t h e  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n s  o f  t h e  
1 4 1  
s a n d s t o n e s .  
S i n c e  g r a i n  s i z e ,  t r a n s p o r t a t i o n ,  d e p o s i t i o n a l  e n v i r o n m e n t ,  a n d  d i a g e n e s i s  d o  n o t  
a f f e c t  t h e  d e t r i t a l  c o m p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  s i g n i f i c a n t l y ,  t h e  
c o m p o s i t i o n  o f  t h e  s a n d s t o n e s  i s  t h o u g h t  t o  b e  c o n t r o l l e d  m a i n l y  b y  t h e i r  
p r o v e n a n c e .  A c c o r d i n g l y  f r o m  t h e  v a r i a t i o n  o f  t h e  s a n d s t o n e  c o m p o s i t i o n s ,  t h e  
p r o v e n a n c e s  f o r  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  c a n  b e  d e d u c e d .  
5 , 8  P R O V E N A N C E  O F  N A R R A B E E N  G R O U P  S A N P S T O N E S  
I t  h a s  b e e n  k n o w n  t h a t  t h e  d e t r i t a l  c o m p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  
c h a n g e s  b o t h  v e r t i c a l l y  t h r o u g h o u t  t h e  g r o u p  a n d  r e g i o n a l l y  a c r o s s  t h e  b a s i n .  
P e t r o l o g i c a l  s t u d i e s  c a r r i e d  o u t  a s  p a r t  o f  t h i s  t h e s i s  h a v e  e s t a b l i s h e d  c e r t a i n  
s y s t e m a t i c  c h a n g e s  a n d  t h e s e  c h a n g e s  h a v e  b e e n  p r e s e n t e d  i n  s o m e  d e t a i l .  
B a s e d  o n  t h e  r e s u l t s  o f  s a n d s t o n e  m o d a l  a n a l y s e s ,  a  c o m p o s i t i o n  p r o f i l e  h a s  b e e n  
c o m p i l e d  f o r  e a c h  o f  t h e  2 6  b o r e h o l e s  s t u d i e d .  T h e  r e g i o n a l  v a r i a t i o n  o f  d e t r i t a l  
c o m p o s i t i o n  i s  d i s c u s s e d  f o r  f o u r  s t r a t i g r a p h i c  i n t e r v a l s  u s i n g  t h e  a v e r a g e  
p e r c e n t a g e  v a l u e s  o f  t h e  d e t r i t a l  c l a s t s  o f  t h e  s a n d s t o n e s .  F r o m  t h e  v a r i a t i o n s  o f  t h e  
d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  a n d  t h e  p a l a e o c u r r e n t  d a t a  o b t a i n e d  b y  
p r e v i o u s  r e s e a r c h e r s ,  c o n c l u s i o n s  h a v e  b e e n  d r a w n  r e g a r d i n g  p r o v e n a n c e  a n d  
m i n e r a l  d i s p e r s a l .  C h a n g e s  i n  p r o v e n a n c e  w i t h  t i m e  a r e  d e d u c e d  f r o m  t h e  
v a r i a t i o n  o f  d e t r i t a l  c o m p o s i t i o n .  
5 . 8 . 1  V E R T I C A L  V A R I A T I O N  O F  D E T R I T A L  C O M P O S I T I O N S  O F  S A N D S T O N E S  
T h e  p e t r o l o g i c a l  d a t a  f o r  t h i s  t h e s i s  h a v e  b e e n  t a k e n  e n t i r e l y  f r o m  f u l l y  c o r e d  
b o r e h o l e s  o f  w h i c h  s o m e  h a v e  p e n e t r a t e d  t h e  w h o l e  N a r r a b e e n  G r o u p .  T h e s e  t y p e  
o f  d a t a  a r e  v e r y  s u i t a b l e  a s  a  r e c o r d  o f  p e t r o l o g i c a l  c h a n g e  o f  a  f i x e d  p o i n t  i n  t h e  
b a s i n  t h r o u g h o u t  t h e  p e r i o d  o f  t h e  N a r r a b e e n  G r o u p  s e d i m e n t a t i o n .  
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T h e  p e t r o l o g i c a l  d a t a  a r e  p r e s e n t e d  i n  t a b u l a r  f o r m  i n  A p p e n d i x e s  I I I  a n d  I V ,  w i t h  
t h e  s t r a t i g r a p h i c  p O S i t i o n ,  a n d  d e p t h  o f  e a c h  s a m p l e  a g a i n s t  c o m p o s i t i o n a l  d a t a .  
T h e  c o m p o s i t i o n a l  c h a n g e  o f  s a n d s t o n e s  c a n  b e  m o r e  c l e a r l y  s h o w n  b y  u s i n g  
g r a p h i c  p l o t s  o f  t h e  c o m p o s i t i o n a l  d a t a  a g a i n s t  t h e  s t r a t i g r a p h i c  p o s i t i o n  o f  t h e  
s a m p l e .  
T h e  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n s  o f  s a n d s t o n e s  i n  a  v e r t i c a l  s e n s e  a r e  s h o w n  b y  
t h e  c h a n g e s  o f  d e t r i t a l  q u a r t z  ( m o n o c r y s t a l l i n e  a n d  p o l y c r y s t a l l i n e  q u a r t z ) ,  d e t r i t a l  
f e l d s p a r ,  a n d  d e t r i t a l  l i t h i c s  ( i n c l u d i n g  d e t r i t a l  c h e r t ) ,  i . e .  t h e  t h r e e  p o l e s  d e f i n e d  i n  
t h e  s a n d s t o n e  c l a s s i f i c a t i o n  v e r s u s  t h e  d r i l l i n g  d e p t h  ( s t r a t i g r a p h i c  h o r i z o n ) ,  a s  
p r e s e n t e d  i n  F i g s  5 - 4 1  t o  5 - 4 7 .  T h e  p e r c e n t a g e  o f  e a c h  o f  t h e  t h r e e  m a j o r  d e t r i t a l  
c o m p o n e n t s  i s  f r o m  A p p e n d i x  I V .  
F r o m  F i g s  5 - 4 1  t o  5 - 4 7 ,  i t  i s  c l e a r  t h a t  t h e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  g r a i n s  
g e n e r a l l y  i n c r e a s e s  a n d  t h a t  o f  d e t r i t a l  l i t h i c s  d e c r e a s e s  a s  t h e  s e q u e n c e  i s  
a s c e n d e d ,  e s p e c i a l l y  i n  t h e  b o r e h o l e s  i n  t h e  s o u t h e r n  S y d n e y  b a s i n ,  
c o r r e s p o n d i n g  t o  t h e  d e v e l o p m e n t  o f  m o r e  q u a r t z  r i c h  s a n d s t o n e s .  H o w e v e r ,  t h e s e  
c h a n g e s  d o  n o t  p r o c e e d  a t  a  u n i f o r m  r a t e .  D e p e n d i n g  u p o n  t h e  b o r e h o l e  l o c a t i o n ,  
o n e  t o  t h r e e  d i s t i n c t i v e  b o u n d a r i e s ,  a c r o s s  w h i c h  t h e  d e t r i t a l  c o m p o s i t i o n  h a s  a  
s u d d e n  a n d  s i g n i f i c a n t  c h a n g e  a n d  /  o r  o n e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  c a n  b e  
r e c o g n i s e d  i n  d i f f e r e n t  b o r e  h o l e s .  T h e  b o u n d a r i e s  a r e  t a k e n  a t  t h e  m i d d l e  p O i n t  o f  
t h e  d r i l l i n g  d e p t h s  b e t w e e n  t h e  s a m p l e s  w h o s e  d e t r i t a l  c o m p o s i t i o n  d i f f e r s  
s i g n i f i c a n t l y  f r o m  e a c h  o t h e r  ( s e e  F i g  5 - 4 1 ) .  T h e  l o w e r m o s t  b o u n d a r y  i s  d e f i n e d  a s  
D B 3 ,  t h e  m i d d l e  b o u n d a r y  a s  D B 2  a n d  t h e  u p p e r m o s t  b o u n d a r y  a s  D B 1  w i t h  D B 2  
b e i n g  t h e  m o s t  o b v i o u s .  T h e  s u d d e n  c h a n g e s  o f  d e t r i t a l  c o m p o s i t i o n s  a c r o s s  
c e r t a i n  h o r i z o n s  h a v e  b e e n  n o t e d  b y  W a r d  ( 1 9 7 1  a ,  b ) .  H e  p r o p o s e d  t h r e e  s t e p s  t o  
d e s c r i b e  t h e s e  s u d d e n  c h a n g e s ,  w h i c h  a r e  s i m i l a r  t o  t h e  t h r e e  d i s t i n c t i v e  
b o u n d a r i e s  p r e s e n t e d  h e r e .  
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Fig 5-41 The vertical variation of the detrital ciasts of the sandstones in Boreholes W. X, and Y. Most of 
the sandstones from the three boreholes do not contain feldspar so that no feldspar variation 
profile is shown in this diagram (DB = distinctive boundary, OU = operational unit). 
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T h e  l o w e r m o s t  d i s t i n c t i v e  b o u n d a r y  D B 3  o c c u r s  o v e r  a  l a r g e  a r e a  a c r o s s  t h e  b a s i n .  
I t  i s  r e c o g n i s e d  i n  B o r e h o l e s  0 ,  X ,  Y ,  a n d  Z  (  F i g s  5 - 4 1  t o  5 - 4 3 )  i n  t h e  s o u t h e r n  
r e g i o n ,  i n  B o r e h o l e s  T  a n d  W  ( F i g s  5 - 4 1  &  5 - 4 3 )  i n  t h e  w e s t  m a r g i n ,  i n  B o r e h o l e  H  
( F i g  5 - 4 4 )  i n  t h e  n o r t h e r n  r e g i o n ,  a n d  i n  B o r e h o l e  M  ( F i g  5 - 4 4 )  i n  t h e  e a s t  c o a s t  
z o n e .  I n  o t h e r  b o r e h o l e s  D ,  E ,  F ,  I ,  S ,  a n d  U  i n  t h e  n o r t h e r n  r e g i o n ,  n o  D B 3  c a n  b e  
r e c o g n i s e d  d u e  t o  t h e  c o m p l i c a t e d  v a r i a t i o n  o f  t h e  d e t r i t a l  c o m p o s i t i o n  ( F i g s  5 - 4 4  t o  
5 - 4 6 ) .  I n  B o r e h o l e s  B ,  e ,  J ,  a n d  L  i n  t h e  s o u t h e r n  e a s t  c o a s t  z o n e ,  t h e  a b u n d a n c e  
o f  d e t r i t a l  l i t h i c s  i n  t h e  l o w e r  N a r r a b e e n  G r o u p  r e s u l t s  i n  t h e  l a c k  o f  D B 3  i n  t h e s e  
b o r e h o l e s  ( F i g s  5 - 4 2  &  5 - 4 7 ) .  
T h e  d e t r i t a l  l i t h i c s  a r e  m o r e  a b u n d a n t  t h a n  t h e  d e t r i t a l  q u a r t z  c l a s t s  b e l o w  D B 3 .  
D B 3  m a r k s  a  m a j o r  s o u r c e  c h a n g e  f r o m  l i t h i c  t o  q u a r t z o s e  o r  a  m i x t u r e  o f  t h e  t w o .  
T h e  p o s i t i o n  o f  D B 3  i n  t h e  s t r a t i g r a p h i c  h o r i z o n  i s  n o t  c o n s i s t e n t  f r o m  o n e  b o r e h o l e  
t o  a n o t h e r  t h r o u g h o u t  t h e  w h o l e  b a s i n ,  s u g g e s t i n g  t h e  s o u r c e  c h a n g e  d i d  n o t  t a k e  
p l a c e  u n i f o r m l y  i n  t h e  w h o l e  b a s i n .  I n  t h e  w e s t  m a r g i n ,  i t  o c c u r s  w i t h i n  t h e  l o w e r  
p a r t  o f  t h e  W O  u n i t  i n  B o r e h o l e s  T  a n d  W  ( F i g s  5 - 4 1  &  5 - 4 3 ) .  I n  B o r e h o l e s  X ,  Y  a n d  
Z  i n  t h e  s o u t h e r n  r e g i o n ,  D B 3  i s  w i t h i n  t h e  m i d d l e  p a r t  o f  t h e  W O  u n i t  ( F i g s  5 - 4 1  &  
5 - 4 2 ) .  I n  B o r e h o l e  0  n e a r  t h e  b o u n d a r y  b e t w e e n  t h e  s o u t h e r n  a n d  n o r t h e r n  
r e g i o n s  o f  t h e  b a s i n  ( F i g  5 - 4 ) ,  D B 3  i s  w i t h i n  t h e  t o p  p a r t  o f  t h e  W O  u n i t  ( F i g  5 - 4 3 ) .  I n  
B o r e h o l e  M  i n  t h e  e a s t  c o a s t  z o n e ,  D B 3  i s  r e c o g n i s e d  n e a r  t h e  t o p  o f  t h e  W O  u n i t  
( F i g  5 - 4 4 ) .  I n  t h e  n o r t h e r n  r e g i o n  i t  i s  l o c a t e d  i n  t h e  u p p e r  p a r t  o f  t h e  s e  u n i t  i n  
B o r e h o l e  H  ( F i g  5 - 4 4 ) .  T h e  p o s i t i o n  c h a n g e  o f  D B 3  i s  c h a r a c t e r i s e d  b y  t h e  t r e n d  
t o w a r d s  t h e  y o u n g e r  s t r a t i g r a p h i c  h o r i z o n  f r o m  t h e  s o u t h w e s t  t o  t h e  n o r t h e a s t ,  
s u g g e s t i n g  t h a t  t h e  m a j o r  s o u r c e  c h a n g e  f r o m  t h e  l i t h i c  t o  t h e  q u a r t z o s e  o r  t h e  
m i x t u r e  o f  t h e  t w o  h a p p e n e d  e a r l i e r  i n  t h e  w e s t  m a r g i n  a n d  t h e  w e s t e r n  p o r t i o n  o f  
t h e  s o u t h e r n  r e g i o n  a n d  l a t e r  i n  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e a s t e r n  p o r t i o n  o f  
t h e  n o r t h e r n  r e g i o n .  
T h e  m i d d l e  d i s t i n c t i v e  b o u n d a r y  ( D B 2 )  i s  r e c o g n i s e d  o n l y  i n  t h e  b o r e  h o l e s  i n  t h e  
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Fig 5-42 The vertical variation of the detrital clasts of the sandstones in Boreholes Z (Most of the sandstones from 
it do not contain feldspar so that no fledspar variation profile is shown for this borehole), L, and J. ~ 
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Fig 5-43 The vertical variation of the detrital clasts of the sandstones in Boreholes N, P, Q (compiled in 
one); R, T (compiled in one); and O. Most of the sandstones from these boreholes do not contain 
feldspar so that no feldspar variation profile is shown in this diagram. 
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Fig 5-44 The vertical variation of the detrital clasts of the sandstones in Boreholes H, I, and M. 
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Fig 5-45 The vertical variation of the detrital clasts of the sandstones in Boreholes F. E. and D. 
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Fig 5-46 The vertical variation of the detrital ciasts of the sandstones in Boreholes K. V. G (compiled in one); 
S; and U. 
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s o u t h e r n  b a s i n  ( B o r e h o l e  °  i s  a n  e x c e p t i o n ) .  I t s  p o s i t i o n  i n  t h e  s t r a t i g r a p h i c  h o r i z o n  
i s  g e n e r a l l y  c o n s i s t e n t  i n  t h e s e  b o r e h o l e s .  I t  o c c u r s  w i t h i n  t h e  s e  u n i t  i n  B o r e h o l e s  
W  t o  Z ,  L ,  J ,  A ,  a n d  B  ( F i g s  5 - 4 1 , 5 - 4 2  &  5 - 4 7 ) .  H o w e v e r ,  i n  B o r e h o l e  e  i t  i s  w i t h i n  
t h e  b o t t o m  p a r t  o f  t h e  L B  u n i t  ( F i g  5 - 4 7 ) .  I n  t h e  b o r e h o l e s  i n  t h e  n o r t h e r n  b a s i n  a n d  
B o r e h o l e  0 ,  n o  D B 2  c a n  b e  r e c o g n i s e d  ( F i g s  5 - 4 3  t o  5 - 4 6 ) .  
D B 2  m a r k s  t h e  t o p  b o u n d a r y  o f  a  l i t h i c  - r i c h  i n t e r v a l  ( d e f i n e d  h e r e  a s  a n  
a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l )  w h o s e  b o t t o m  b o u n d a r y  g e n e r a l l y  o c c u r s  a t  t h a t  
b e t w e e n  t h e  s e  a n d  W O  u n i t s .  I n  t h e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  t h e  I i t h i c s  
o v e r w h e l m  t h e  q u a r t z  c l a s t s  o r  t h e y  a r e  s i g n i f i c a n t l y  m o r e  a b u n d a n t  t h a n  t h o s e  i n  
t h e  u n d e r l y i n g  a n d  o v e r l y i n g  i n t e r v a l s .  T h e  i n t e r v a l  b r o a d l y  c o r r e l a t e s  w i t h  t h e  
l o w e r  p a r t  o f  t h e  s e  u n i t  ( F i g s  5 - 4 1 , 5 - 4 2  &  5 - 4 7 ) .  I n  B o r e h o l e  e ,  h o w e v e r ,  i t  s e e m s  
t o  c o r r e l a t e  w i t h  t h e  w h o l e  s e  u n i t  s i n c e  D B 2  o c c u r s  n e a r  t h e  b o u n d a r y  b e t w e e n  
t h e  L B  a n d  s e  u n i t s  i n  t h i s  b o r e h o l e  ( F i g  5 - 4 7 ) .  T h e  l i t h i c  r i c h  i n t e r v a l  i s  s h o w n  
m o s t  c l e a r l y  i n  t h e  b o r e h o l e s  i n  t h e  e a s t  c o a s t  z o n e  ( s u c h  a s  i n  B o r e h o l e  J )  a n d  
b e c o m e s  l e s s  c l e a r  w e s t w a r d s .  I n  B o r e h o l e  W  i t  i s  h a r d l y  s e e n .  D u e  t o  a b s e n c e  o f  
D B 2  i n  t h e  b o r e h o l e s  i n  t h e  n o r t h e r n  b a s i n  a n d  i n  B o r e h o l e  0 ,  n o  a b n o r m a l l y  l i t h i c  
- r i c h  i n t e r v a l  i s  p r e s e n t  i n  t h e s e  b o r e  h o l e s .  
T h e  u p p e r m o s t  d i s t i n c t i v e  b o u n d a r y  D B 1  i s  r e c o g n i s e d  i n  B o r e h o l e s  W  t o  Z ,  0 ,  F ,  I  
a n d  M  w h e r e  t h e  s a m p l i n g  o f  s a n d s t o n e s  f r o m  t h e  B a l d  H i l l  O p e r a t i o n a l  U n i t  i s  
a v a i l a b l e .  I n  B o r e h o l e s  W  t o  Z  a n d  °  i n  t h e  w e s t  m a r g i n  a n d  t h e  s o u t h e r n  r e g i o n ,  i t  
i s  m o s t  c l e a r l y  s h o w n  ( F i g s  5 - 4 1  t o  5 - 4 3 ) .  I t  i s  a l s o  t e n t a t i v e l y  s e e n  i n  B o r e h o l e  B  i n  
t h e  s o u t h e r n  e a s t  c o a s t  z o n e  ( F i g  5 - 4 7 ) .  
T h e  p o s i t i o n  o f  D B 1  i n  t h e  s t r a t i g r a p h i c  h o r i z o n  i s  g e n e r a l l y  c o n s i s t e n t  t h r o u g h o u t  
t h e  w h o l e  b a s i n  a n d  i t  o c c u r s  n e a r  t h e  b o u n d a r y  b e t w e e n  t h e  B H  a n d  U B  u n i t s  ( I n  
B o r e h o l e  F ,  i t  i s  w i t h i n  t h e  l o w e r  p a r t  o f  t h e  U B  u n i t ,  F i g  5 - 4 5 )  b u t  w i t h i n  t h e  U B  u n i t  
( I n  B o r e h o l e  X  i t  i s  w i t h i n  t h e  b o t t o m  p a r t  o f  t h e  B H  u n i t ,  F i g  5 - 4 1 ) .  A c r o s s  D B 1  
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u p w a r d s ,  t h e  q u a r t z  p e r c e n t a g e  i s  m u c h  h i g h e r  t h a n  t h e  l i t h i c  p e r c e n t a g e  i n  t h e  
s a n d s t o n e  i n  t h e  b o r e  h o l e s  W  t o  Z  a n d  0  i n  t h e  w e s t  m a r g i n  a n d  t h e  s o u t h e r n  
r e g i o n  ( F i g s  5 - 4 1  t o  5 - 4 3 )  a n d  i t  i s  h i g h e r  t h a n  t h e  l i t h i c  p e r c e n t a g e  i n  t h e  
s a n d s t o n e s  i n  B o r e h o l e s  F ,  I ,  M  a n d  B  i n  t h e  n o r t h e r n  r e g i o n  a n d  t h e  e a s t  c o a s t  
z o n e  ( F i g s  5 - 4 4 ,  5 - 4 5  &  5 - 4 7 ) .  T h e  f u r t h e r  i n c r e a s e  o f  d e t r i t a l  q u a r t z  c l a s t s  a c r o s s  
D B 1  u p w a r d s  s u g g e s t s  t h a t  t h e  q u a r t z  s o u r c e  b e c a m e  m o r e  i m p o r t a n t  a f t e r  D B 1 .  
I n  B o r e h o l e s  N ,  P ,  a ,  R ,  K ,  V ,  a n d  G  ( F i g s  5 - 4 3  &  5 - 4 6 )  w h e r e  o n l y  l i m i t e d  c o r e  
s a m p l e s  f r o m  t h e  b o t t o m  p a r t  o f  t h e  N a r r a b e e n  G r o u p  a r e  a v a i l a b l e ,  n o  d i s t i n c t i v e  
b o u n d a r y  a n d  I  o r  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  c a n  b e  r e c o g n i s e d .  
E v e n  t h o u g h  t h e  t h r e e  d i s t i n c t i v e  b o u n d a r i e s  p r o p o s e d  i n  t h i s  p e t r o l o g y  s t u d y  a r e  
s i m i l a r  t o  t h e  t h r e e  s t e p s  d e s i g n e d  b y  W a r d  ( 1 9 7 1  b ) ,  t h e r e  a r e  t w o  d i f f e r e n c e s .  ( 1 )  
T h e  p o s i t i o n  o f  D B 3  ( e q u i v a l e n t  o f  " s t e p  A "  o f  W a r d )  i s  n o t  c o n s i s t e n t l y  i n  t h e  
s t r a t i g r a p h i c  h o r i z o n  a c r o s s  t h e  b a s i n .  T h u s  i t  c a n n o t  b e  u s e d  a s  a  t i m e  -
s t r a t i g r a p h i c  c o r r e l a t i o n  m a r k e r  a s  p r o p o s e d  b y  W a r d .  ( 2 )  T h e  p r e s e n c e  o f  D B 2  i s  
c o n s i d e r e d  t o  b e  r e l a t e d  t o  t h e  e a s t e r n  v o l c a n i c  s o u r c e  ( d i s c u s s e d  l a t e r ) .  I t  i s  
r e c o g n i s e d  o n l y  i n  t h e  b o r e h o l e s  i n  t h e  s o u t h e r n  b a s i n .  T h e  s p e c u l a t i o n  t h a t  ' ' t h e  
s t e p  B "  ( e q u i v a l e n t  o f  D B 2 )  p e r s i s t s  t o  t h e  N o r t h  C o a s t  m a d e  b y  W a r d  i s  n o t  
s u p p o r t e d  b y  t h i s  s t u d y .  
I n  s u m m a r y ,  t h e  s a n d s t o n e s  c h a n g e  t h e i r  d e t r i t a l  c o m p o s i t i o n  i n  t h e  n o r t h e r n  
S y d n e y  B a s i n  i n  a  m u c h  m o r e  c o m p l i c a t e d  w a y  t h a n  i n  t h e  s o u t h e r n  S y d n e y  B a s i n .  
I n  t h e  s o u t h e r n  b a s i n ,  t h e  p e r c e n t a g e  o f  d e t r i t a l  l i t h i c s  d e c r e a s e s  a n d  t h a t  o f  d e t r i t a l  
q u a r t z  c i a s t s  i n c r e a s e s  u p w a r d s  i f  t h e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  i s  e x c l u d e d  
f r o m  t h e  w h o l e  s e q u e n c e  b u t  t h i s  c h a n g e  d o e s  n o t  p r o c e e d  a t  a  u n i f o r m  r a t e ,  a s  
i n d i c a t e d  b y  t h e  o c c u r r e n c e  o f  o n e  t o  t h r e e  d i s t i n c t i v e  b o u n d a r i e s .  T h e  s a n d s t o n e s  
b e t w e e n  D B 1  a n d  D B 2  a r e  o f  m u c h  s a m e  c o m p o s i t i o n .  B y  c o n t r a s t ,  t h e  g e n e r a l  
t r e n d  o f  t h e  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n  f o u n d  i n  t h e  s o u t h e r n  b a s i n  i s  n o t  c l e a r l y  
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s h o w n  i n  t h e  b o r e h o l e s  i n  t h e  n o r t h e r n  S y d n e y  B a s i n .  I n  t h i s  p a r t  o f  t h e  b a s i n ,  t h e  
d e t r i t a l  c o m p o s i t i o n  v a r i e s  g r e a t l y  i n  a  r a n d o m  w a y  t o w a r d s  t h e  t o p  o f  t h e  
N a r r a b e e n  G r o u p  a n d  t h e  s a n d s t o n e s  b e t w e e n  D B 1  a n d  D B 3  o r  t h e  b o t t o m  o f  t h e  
N a r r a b e e n  G r o u p  a r e  o f  a  c o n s i d e r a b l y  v a r i a b l e  c o m p o s i t i o n .  
5 . 8 . 2  R E G I O N A L  V A R I A T I O N  O F  D E T R I T A L  C O M P O S I T I O N S  O F  S A N D S T O N E S  
A N D  D E D U C T I O N  O F  D E T R I T A L  S O U R C E S  
T h e  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  i n  a  g i v e n  u n i t  a t  o n e  p l a c e  d i f f e r s  f r o m  t h a t  
o f  s a n d s t o n e s  i n  t h e  s a m e  u n i t  a t  a n o t h e r  p l a c e  o f  t h e  b a s i n .  T h e  v a r i a t i o n  i n  
d e t r i t a l  c o m p o n e n t s  f o r  a  g i v e n  u n i t  a c r o s s  t h e  b a s i n  h a s  b e e n  c o n t o u r e d ,  a s  
s h o w n  i n  F i g s  5 - 4 8  t o  5 - 5 3 .  T h e  v a l u e  u s e d  f o r  e a c h  b o r e h o l e  i s  a n  a v e r a g e  f o r  t h e  
i n t e r v a l  o f  s t r a t a  i n  q u e s t i o n  c a l c u l a t e d  f r o m  A p p e n d i x  I V  ( r e c a l c u l a t e d  p O i n t  
c o u n t i n g  d a t a ) .  T h e  r e g i o n a l  v a r i a t i o n  o f  d e t r i t a l  c o m p o s i t i o n  i s  d i s c u s s e d  f o r  f o u r  
s t r a t i g r a p h i c  i n t e r v a l s :  W o m b a r r a  O p e r a t i o n a l  U n i t ,  S c a r b o u r o u g h  O p e r a t i o n a l  
U n i t ,  L o w e r  a n d  U p p e r  B u l g o  O p e r a t i o n a l  U n i t s  ( e x c l u d i n g  t h e  t o p  p a r t  o f  t h e  U B  
u n i t ,  i . e .  t h e  p a r t  b e t w e e n  D B 1  a n d  t h e  t o p  o f  t h e  U B  u n i t )  a s  a  s i n g l e  i n t e r v a l ,  a n d  
t h e  t o p  p a r t  o f  t h e  U B  u n i t  a n d  B H  u n i t  a s  a  s i n g l e  i n t e r v a l .  
( i )  W o m b a r r a  O p e r a t i o n a l  U n i t  
T h e  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n  i n  t h i s  u n i t  i s  c h a r a c t e r i s e d  b y  a  c l e a r  w e s t  t o  e a s t  
c h a n g e  a n d  a  l e s s  o b v i o u s  s o u t h  t o  n o r t h  c h a n g e .  A l o n g  t h e  w e s t e r n  m a r g i n  o f  t h e  
b a s i n ,  t h e  s a n d s t o n e s  g e n e r a l l y  c o n t a i n  a  h i g h  c o n t e n t  o f  d e t r i t a l  q u a r t z  c l a s t s  w i t h  
t h e  h i g h e s t  b e i n g  r e c o r d e d  a s  9 3 . 0  %  i n  s a m p l e  T 3 9 7 . 6  a n d  t h e  a v e r a g e  q u a r t z  
p e r c e n t a g e  o f  s a n d s t o n e s  i n  B o r e h o l e  T  i n  t h e  u n i t  i s  7 8 . 2  % .  I n  B o r e h o l e  B  i n  t h e  
e a s t  c o a s t  z o n e  o f  t h e  b a s i n ,  t h e  d e t r i t a l  q u a r t z  a v e r a g e s  o n l y  1 8 . 2  % .  
T h e  w e s t  t o  e a s t  v a r i a t i o n  i s  c l e a r l y  s h o w n  i n  t h e  s o u t h e r n  S y d n e y  B a s i n  f r o m  
B o r e h o l e  W  i n  t h e  w e s t  m a r g i n  t o  B o r e h o l e  J  i n  t h e  e a s t  c o a s t  z o n e .  T h e  
p e r c e n t a g e  o f  d e t r i t a l  l i t h i c s  i n c r e a s e s  e a s t w a r d s  w i t h  a n  a v e r a g e  o f  4 4 . 0  %  i n  
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B o r e h o l e  W ,  t h r o u g h  5 4 . 9  %  i n  B o r e h o l e  Y ,  6 3 . 9  %  i n  B o r e h o l e  L ,  t o  7 6 . 6  %  i n  
B o r e h o l e  J  ( F i g  5 - 4 8 ) .  A s  a  r e s u l t  o f  t h e  v a r i a t i o n  o f  d e t r i t a l  I i t h i c s ,  t h e  a v e r a g e  
p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  c l a s t s  d e c r e a s e s  t o w a r d s  t h e  e a s t .  
T h i s  w e s t  - e a s t  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n  i s  a l s o  s h o w n  b y  t h e  b o r e h o l e s  i n  t h e  
n o r t h e r n  S y d n e y  B a s i n  e v e n  t h o u g h  n o t  a s  c l e a r l y  a s  i n  t h e  s o u t h e r n  S y d n e y  
B a s i n .  F r o m  3 7 . 3  %  i n  B o r e h o l e  R  i n  t h e  w e s t  m a r g i n ,  t h e  a v e r a g e  p e r c e n t a g e  o f  
t h e  I i t h i c s  i n c r e a s e s  t o  5 6 . 9  %  i n  B o r e h o l e  S a n d  5 7 . 7  %  i n  B o r e h o l e  U  i n  t h e  
n o r t h e r n  r e g i o n  ( F i g  5 - 4 8 ) .  
F r o m  s o u t h  t o  n o r t h ,  t h e  a v e r a g e  p e r c e n t a g e  o f  t h e  I i t h i c s  i n  t h e  s a n d s t o n e s  o f  t h e  
u n i t  d o e s  n o t  c h a n g e  m u c h  u n t i l  t o  t h e  n o r t h e r n m o s t  b o r e  h o l e  K ,  w h i c h  i s  l o c a t e d  i n  
t h e  a d j a c e n t  G u n n e d a h  B a s i n .  I n  t h i s  b o r e h o l e  t h e  a v e r a g e  c o n t e n t  o f  t h e  d e t r i t a l  
l i t h i c s  i n  t h e  s a n d s t o n e s  o f  t h e  W O  u n i t  i s  r e c o r d e d  a s  9 2 . 9  %  o f  t h e  t o t a l  d e t r i t a l  
c l a s t s  ( F i g  5 - 4 8 ) ,  w h i c h  i s  m u c h  h i g h e r  t h a n  t h e  a v e r a g e  o f  5 9 . 6  %  i n  t h e  n e a r b y  
b o r e h o l e  V .  
I n  t h e  w e s t  m a r g i n  a n d  t h e  s o u t h e r n  r e g i o n  o f  t h e  b a s i n ,  t h e  s a n d s t o n e s  ( e x c e p t  
t h o s e  a t  t h e  b a s a l  p a r t )  d o  n o t  c o n t a i n  d e t r i t a l  f e l d s p a r  g r a i n s .  A s  a  r e s u l t ,  t h e  
a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  f e l d s p a r  g r a i n s  i s  l e s s  t h a n  1 . 0  %  o f  t h e  t o t a l  d e t r i t a l  
c l a s t s  i n  t h e  b o r e h o l e s  ( e x c e p t  B o r e h o l e  0 )  i n  t h i s  p a r t  o f  t h e  b a s i n .  T o  t h e  e a s t  
c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n ,  d e t r i t a l  f e l d s p a r  g r a i n s  b e c o m e  
m u c h  m o r e  a b u n d a n t .  T h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  f e l d s p a r  g r a i n s  r a n g e s  
f r o m  2 . 6  %  i n  B o r e h o l e  V  t o  7 . 8  %  i n  B o r e h o l e  H  ( 0 . 4  %  i n  B o r e h o l e  K  i s  a n  
e x c e p t i o n ) .  H o w e v e r  t h e  v a r i a t i o n  o f  d e t r i t a l  f e l d s p a r  g r a i n s  t h r o u g h o u t  t h e  b a s i n  i s  
n o t  a s  r e g u l a r  a s  t h a t  o f  t h e  m a j o r  c o m p o n e n t s  - d e t r i t a l  q u a r t z  c i a s t s  a n d  d e t r i t a l  
I i t h i c s .  
T h e  c h a r a c t e r i s t i c s  o f  t h e  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n s  ( F i g s  5 - 4 8  &  5 - 4 9 )  c a n  b e  
, . . . . . . .  
3 3  
' -
1  5 0  E X P L A N A T I O N  
~ Q u a r t z o s e  s o u r c e  
~ L t t h i c  a s  w e l l  a s  
N  q u a r t z o s e  s o u r c e  
- +  l i t h i c  s o u r c e  9 2 . 9  
o K  
' 3 7 . 3  
o R  
/ ( '  
/ '  .  
,  
/  
/  
/  
/  
5 6 . 9  
o S  
5 7 . 7  . . . .  
o U  1 0 :  
1 5 5  
1 6 2  
~ 
" )  
\  " .  
" " .  
o ·  
~ 
.  ' \ " "  
c - I  '  .  
\ \  
~ 
0  
. r  
\  
~ 
6 2 . f  
0 0  
~\ 
4 9 . 2  5 5 . 5  
o f  ;~1) :  
5 / : : :  
~ 
" -
. . . . - . . . . . . . .  
, . - - . . . . . .  
~ 
~ 
~ 
~ 
~ 
, . . . . . . . . . . .  
. . . . . . . . . . . . . .  
~ 
, . - - . . . . . .  
~ 
~ 
. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  
. . - - . . , .  
~ 
~ . . . . . . . . . . . . . . .  
2 1  
4 4 . 0 :  5 4 . 9  
. w .
x  
. v  
: 5 5 . 7  o Z  
.  4 3 . 8  
. . . . .  /~" 
.  6 4 . 2  
I O N  
5 3 . 1  
o H  
5 9 . 9  :  
0 0  .  
l i  
6 3 : 9  
: - L  
6 2 . 5 :  
- I :  
~~ 
~~ 
- ? %  
S C A L E  
o  2 0  4 0  k m  
3 4  
~ 
1 6 2  
. . - . . . . . .  1  
F i g  5 - 4 8  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  l i t h i c s  o f  
s a n d s t o n e s  i n  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t  a n d  t h e  d e d u c e d  
d e t r i t a l  s o u r c e s .  
3 3  
3 4  
1 6 0  
N  
0 . 4  
· K  
/ /  
/  
1 5 1  
. /  
/ /  
2 . 6  
' V  
0 . 1  / /  
· R  
/ /  
. / / '  .
.  " /  .  
: , . . . . - - . /  
/  
1 6 0  '  
' .  
0 . 2 :  
· T .  
3 . 6  
· S  
0 . 3 :  0  7  
. w  .  0 . 8  
· X  . v  
· Z  
O . S :  
0 . 7  
. ( : l  
0 . 3  
. p  
0 . 3  
· N  
4 . 1  
· U  
1 . 4  
. 0  
. ) ,  
7 . 8  
· H  
7 . 6  
· 0  
2 : . 7  
: . l  
1 6 1  
3 . 1  
· F  
· E  
5 . 2  
3 . 1  
. 0  
5 . 5  . -
· 1 :  
r---.~l 
0  
\  
S C A L E  
2 0  
1 5 6  
1 5 2  
- - : - ,  
.  ,  
3 3  
3 4  
4 0  k m  
1 5 2  
F i g  5 - 4 9  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  f e l d s p a r  o f  
s a n d s t o n e s  i n  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t .  
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F i g  5 - 4 9  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  f e l d s p a r  o f  
s a n d s t o n e s  i n  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t .  
1 5 7  
u s e d  t o  d e d u c e  t h e  d e t r i t a l  s o u r c e s  f o r  t h e  s e d i m e n t s  i n  t h e  N a r r a b e e n  G r o u p .  
D u r i n g  t h e  d e p o s i t i o n  o f  t h e  W O  u n i t ,  t h e r e  p r o b a b l y  e x i s t e d  t h r e e  d e t r i t a l  s o u r c e s :  
t h e  n o r t h e a s t e r n  N e w  E n g l a n d  F o l d  B e l t  s u p p l y i n g  m a i n l y  d e t r i t a l  v o l c a n i c  l i t h i c s  
a n d  v o l c a n i c  d e r i v e d  q u a r t z  c l a s t s  a s  w e l l  a s  d e t r i t a l  f e l d s p a t h i c  c l a s t s ,  t h e  w e s t e r n  
L a c h l a n  F o l d  B e l t  m a i n l y  s u p p l y i n g  d e t r i t a l  q u a r t z  c l a s t s ,  a n d  a n  e a s t e r n  v o l c a n i c  
s o u r c e  w h i c h  p r i n c i p a l l y  s u p p l i e d  d e t r i t a l  v o l c a n i c  I i t h i c s  a n d  f e l d s p a t h i c  c l a s t s  
d u r i n g  i t s  a c t i v e  p e r i o d .  T h e  f o r m e r  t w o  w e r e  m a j o r  s o u r c e s  a n d  t h e  l a s t  o n e  m i n o r .  
D u r i n g  e a r l y  W O  t i m e ,  t h e  N e w  E n g l a n d  F o l d  B e l t  a c t e d  a s  t h e  p r i n c i p a l  d e t r i t a l  
s o u r c e  o v e r  t h e  w h o l e  S y d n e y  B a s i n .  U n t i l  t h e  t i m e  c o r r e s p o n d i n g  t o  D B 3 ,  t h e n  t h e  
L a c h l a n  F o l d  B e l t  r e p l a c e d  t h e  N e w  E n g l a n d  F o l d  B e l t  t o  s u p p l y  s i g n i f i c a n t  
q u a n t i t i e s  o f  d e t r i t u s  t o  t h e  w e s t  m a r g i n  a n d  w e s t e r n  p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n  
o f  t h e  b a s i n .  T h i s  i s  r e f l e c t e d  b y  t h e  u p w a r d s  i n c r e a s e  o f  t h e  d e t r i t a l  q u a r t z  ( s u d d e n  
i n c r e a s e  a c r o s s  D B 3 )  i n  t h e  s a n d s t o n e s  i n  t h i s  p a r t  o f  t h e  b a s i n .  T h e  u p w a r d s  
i n c r e a s e  a l s o  s u g g e s t s  t h a t  t h e  L a c h l a n  F o l d  B e l t  s o u r c e  b e c a m e  m o r e  a n d  m o r e  
i m p o r t a n t  a s  s e d i m e n t a t i o n  p r o c e e d e d .  
I n  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n ,  t h e  d e t r i t a l  c l a s t s  w e r e  l a r g e l y  d e r i v e d  f r o m  t h e  
N e w  E n g l a n d  F o l d  B e l t  a s  w e l l  a s  L a c h l a n  F o l d  B e l t .  T o  t h e  n o r t h e a s t  m a r g i n  o f  t h e  
b a s i n ,  t h e  d e t r i t a l  c l a s t s  w e r e  p r i n c i p a l l y  s u p p l i e d  b y  t h e  N e w  E n g l a n d  F o l d  B e l t ,  
w h i c h  i s  s u p p o r t e d  b y  a  v e r y  h i g h  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  l i t h i c s  i n  t h e  
n o r t h e r n m o s t  b o r e  h o l e  K .  T h e  r e l a t i v e  a m o u n t  o f  t h e  d e t r i t a l  c o m p o n e n t s ,  w h i c h  t h e  
d e p o s i t i o n a l  s i t e  r e c e i v e d  f r o m  e a c h  s o u r c e ,  w a s  p r i n c i p a l l y  c o n t r o l l e d  b y  t h e  
l o c a t i o n  o f  t h e  d e p o s i t i o n a l  s i t e  i n  t h e  f l u v i a l  d e p o s i t i o n a l  s y s t e m  a n d  i t s  r e l a t i v e  
d i s t a n c e  f r o m  t h e  s o u r c e  a t  t h e  t i m e  o f  d e p o s i t i o n .  I n  t h e  n o r t h e r n  e a s t  c o a s t  z o n e ,  
t h e  v o l c a n i c  I i t h i c s  w e r e  l a r g e l y  d e r i v e d  f r o m  t h e  N e w  E n g l a n d  F o l d  B e l t .  
I n  t h e  s o u t h e r n  e a s t  c o a s t  z o n e ,  t h e  s a n d s t o n e s  c o n t a i n  a b u n d a n t  d e t r i t a l  v o l c a n i c  
I i t h i c s  ( F i g  5 - 4 8 ) ,  s u g g e s t i n g  t h e  p r e s e n c e  o f  a  n e a r b y  v o l c a n i c  s o u r c e .  I t  w a s  
1 5 8  
p r o b a b l y  l o c a t e d  t o  t h e  e a s t  o f  p r e s e n t  d a y  c o a s t  l i n e  o f  C a p e  B a n k s  1  b o r e h o l e  
( B o r e h o l e  J )  ( p r o b a b l y  e a s t  o f  t h e  p r e s e n t  c o n t i n e n t a l  s h e l f ,  i . e .  n o w  p a r t  o f  L o r d  
H o w e  R i s e ) .  T h e  v o l c a n i c  I i t h i c s  f r o m  t h i s  s o u r c e  w e r e  t r a n s p o r t e d  t o  t h e  b a s i n  
s o u t h w e s t e r l y  a n d  s o u t h e r l y  a n d  d e p o s i t e d  i n  t h e  s o u t h e r n  e a s t  c o a s t  z o n e  a n d  t h e  
s o u t h e r n m o s t  p o r t i o n  o f  t h e  b a s i n .  T h i s  i s  s u p p o r t e d  b y  t h e  p a l a e o c u r r e n t  d a t a  
( D i e s s e l  e t  a I . ,  1 9 6 7 ;  W a r d ,  1 9 7 2 ) .  I n  t h e  l I I a w a r r a  r e g i o n  i n  t h e  s o u t h  c o a s t ,  a  m e a n  
p a l a e o c u r r e n t  t r e n d  o f  2 2 0
0  
i s  r e c o r d e d  a t  t h e  b a s a l  p o r t i o n  o f  t h e  N a r r a b e e n  
G r o u p  ( D i e s s e l  e t  a i ,  1 9 6 7 ) ,  a n d  W a r d  ( 1 9 7 2 )  g a v e  a  m e a n  p a l a e o c u r r e n t  t r e n d  o f  
1 7 8
0  
i n  t h e  o v e r l y i n g  C o a l  C l i f f  S a n d s t o n e  ( e q u i v a l e n t  o f  W O  u n i t ,  r e f e r  t o  F i g  4 - 3  ) .  
I n  B o r e h o l e  J  a n d  L  n e a r e r  t o  t h e  p r o p o s e d  v o l c a n i c  s o u r c e ,  t h e  s a n d s t o n e s  i n  t h e  
m i d d l e  p a r t  o f  t h e  W O  u n i t  a r e  m o r e  v o l c a n i c  I i t h i c s  r i c h  t h a n  t h o s e  i n  t h e  u p p e r  a n d  
l o w e r  p a r t s  o f  t h e  W O  u n i t  ( F i g  5 - 4 2 ) .  T h i s  p r o b a b l y  s u g g e s t s  t h a t  t h i s  v o l c a n i c  
s o u r c e  w a s  a c t i v e  o n l y  d u r i n g  t h e  m i d d l e  p e r i o d  o f  W O  t i m e .  T h e  d e t r i t a l  I i t h i c s  f r o m  
t h i s  e a s t e r n  v o l c a n i c  s o u r c e  s e e m  t o  b e  i n t e r m e d i a t e  v o l c a n i c  r o c k  f r a g m e n t s ,  
w h i c h  a r e  d i f f e r e n t  f r o m  t h e  a c i d i c  v o l c a n i c  r o c k  f r a g m e n t s  d e r i v e d  f r o m  t h e  N e w  
E n g l a n d  F o l d  B e l t .  T h i s  d i f f e r e n c e  w a s  a l s o  d o c u m e n t e d  b y  W a r d  ( 1 9 7 1  a ,  b ) .  
G a l l o w a y  a n d  H a m i l t o n  ( 1 9 8 8 )  p r o p o s e d  a  v o l c a n i c  s o u r c e  t e r r a n e  t e r m e d  t h e  
" C a p e  B a n k s  V o l c a n i c  A p r o n "  t o  e x p l a i n  t h e  o c c u r r e n c e  o f  a  s m a l l  a m o u n t  o f  
v o l c a n i c  l i t h i c s  i n  t h e  c o a s t a l  e x p o s u r e s  ( c o r r e l a t i n g  w i t h  t h e  S c a r b o r o u g h  
O p e r a t i o n a l  U n i t )  s o u t h  o f  S y d n e y .  W a r d  ( 1 9 7 2 )  i n d i c a t e d  a  v o l c a n i c  s o u r c e  ( t h e  
G e r r i n g o n g  V o l c a n i c s )  t o  e x p l a i n  t h e  v o l c a n i c  I i t h i c s  i n  t h e  " v o l c a n i c  f a c i e s "  o f  t h e  
B u l g o  S a n d s t o n e  ( c o r r e l a t i n g  w i t h  t h e  U p p e r  B u l g o  O p e r a t i o n a l  U n i t ,  r e f e r  t o  F i g  4 -
3 ) .  T h e  v o l c a n i c  s o u r c e  s u g g e s t e d  h e r e  s t a r t e d  t o  s u p p l y  d e t r i t a l  v o l c a n i c  I i t h i c s  t o  
t h e  b a s i n  i n  W O  t i m e ,  w h i c h  w a s  e a r l i e r  t h a n  G a l l o w a y  a n d  H a m i l t o n  p r o p o s e d  a n d  
m u c h  e a r l i e r  t h a n  W a r d ' s .  
( i i )  S c a r b o r o u g h  O p e r a t i o n a l  U n i t  
1 5 9  
I n  t h e  s o u t h e r n  S y d n e y  B a s i n ,  t h e  s e  u n i t  g e n e r a l l y  c o n s i s t s  o f  t w o  p a r t s :  t h e  
a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  a n d  t h e  i n t e r v a l  o v e r l y i n g  D B 2 .  D u e  t o  t h e  p r e s e n c e  
o f  t h i s  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l ,  t h e  s a n d s t o n e s  i n  t h i s  u n i t  c h a n g e  g r e a t l y  i n  
t h e i r  d e t r i t a l  c o m p o s i t i o n  w i t h  t i m e .  F o r  e x a m p l e ,  t h e  d e t r i t a l  I i t h i c s  r a n g e  f r o m  2 3 . 3  
%  t o  6 6 . 0  %  o f  t h e  t o t a l  d e t r i t a l  c 1 a s t s  i n  B o r e h o l e  L ,  3 7 . 5  %  t o  7 6 . 3  %  i n  B o r e h o l e  Z  
a n d  2 6 . 8  %  t o  6 1 . 9  %  i n  B o r e h o l e  Y  ( r e f e r  t o  A p p e n d i x  I V ) .  T h u s  t h e  s a n d s t o n e s  i n  
t h i s  u n i t  h a v e  a  w i d e  r a n g e  o f  d e t r i t a l  c o m p o s i t i o n  f r o m  I i t h a r e n i t e ,  t h r o u g h  
q u a r t z o s e  I i t h a r e n i t e ,  t o  s u b l i t h a r e n i t e  ( F i g  5 - 3 1 ) .  
R e g i o n a l l y  t h e r e  i s  a n  e a s t w a r d  i n c r e a s e  o f  t h e  a v e r a g e  d e t r i t a l  I i t h i c s  i n  t h e  
a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  i n  t h e  s o u t h e r n  S y d n e y  B a s i n  ( F i g  5 - 5 0 ) .  T h e  
a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  I i t h i c s  c h a n g e s  f r o m  3 7 . 7  %  i n  B o r e h o l e  W  i n  t h e  
w e s t  m a r g i n ,  t h r o u g h  4 3 . 8  %  i n  B o r e h o l e  X ,  6 0 . 0  %  i n  B o r e h o l e  Y ,  7 5 . 5  %  i n  
B o r e h o l e  Z ,  t o  8 2 . 0  %  i n  B o r e h o l e  B  i n  t h e  e a s t  c o a s t  z o n e .  A s  a  r e s u l t  o f  t h i s  
c h a n g e  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  c l a s t s  g r e a t l y  d e c r e a s e s  t o w a r d s  
t h e  e a s t .  T h i s  c l e a r  v a r i a t i o n  o f  d e t r i t a l  c o m p o s i t i o n  o b v i o u s l y  i n d i c a t e s  t h a t  a n  
e a s t e r n  v o l c a n i c  s o u r c e  e x i s t e d  ( F i g  5 - 5 0 ) .  
I n  t h e  n o r t h e r n  S y d n e y  B a s i n ,  t h e  a b u n d a n c e  o f  d e t r i t a l  I i t h i c s  i n  s a n d s t o n e s  d o e s  
n o t  v a r y  a s  g r e a t l y  a s  i n  t h e  s o u t h e r n  S y d n e y  B a s i n  i n  a  s i n g l e  b o r e h o l e .  
R e g i o n a l l y  t h e  d e t r i t a l  I i t h i c s  g e n e r a l l y  i n c r e a s e  n o r t h w a r d s ,  w h i c h  i s  r e f l e c t e d  b y  
t h e  c o m p o s i t i o n a l  c h a n g e  f r o m  q u a r t z o s e  I i t h a r e n i t e s ,  q u a r t z o s e  f e l d s p a t h i c  
l i t h a r e n i t e  a n d  l i t h a r e n i t e s  i n  B o r e h o l e s  0 ,  E ,  a n d  F  t o  d o m i n a n t  I i t h a r e n i t e s  i n  
B o r e h o l e s  U  a n d  S  ( F i g  5 - 3 1 ) .  
L i k e  i n  t h e  u n d e r l y i n g  W O  u n i t ,  i n  t h i s  u n i t  t h e  d e t r i t a l  f e l d s p a r  c l a s t s  g e n e r a l l y  
i n c r e a s e  f r o m  t h e  w e s t  m a r g i n  t o  t h e  e a s t  c o a s t  z o n e ,  a n d  f r o m  t h e  s o u t h e r n  r e g i o n  
t o  t h e  n o r t h e r n  r e g i o n  ( F i g  5 - 5 1 ) .  
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F i g  5 - 5 0  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  l i t h i c s  o f  
s a n d s t o n e s  i n  t h e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  i n  t h e  s o u t h e r n  
S y d n e y  B a s i n  a n d  t h e  d e d u c e d  d e t r i t a l  s o u r c e s ,  
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F i g  5 - 5 1  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  f e l d s p a r  i n  t h e  
S c a r b o r o u g h  O p e r a t i o n a l  U n i t .  
1 6 2  
I n  t h e  s o u t h e r n  S y d n e y  B a s i n ,  d u r i n g  t h e  d e p o s i t i o n  o f  t h e  l o w e r  p a r t  o f  t h e  s e  
u n i t ,  t h e  e a s t e r n  v o l c a n i c  s o u r c e  a c t i v e  i n  m i d d l e  W O  t i m e ,  b e c a m e  v e r y  a c t i v e .  I t  
p r o b a b l y  s u p p l i e d  a  s u b s t a n t i a l  a m o u n t  o f  v o l c a n i c  l i t h i c  c l a s t s  t o  t h e  s o u t h e r n  
S y d n e y  B a s i n ,  e s p e c i a l l y  t h e  s o u t h e r n  e a s t  c o a s t  z o n e ,  a s  i m p l i e d  b y  t h e  m o r e  
a b u n d a n t  v o l c a n i c  l i t h i c s  i n  t h e  s a n d s t o n e s  f r o m  t h e  l o w e r  s e  u n i t  t h a n  i n  t h e  
s a n d s t o n e s  f r o m  t h e  W O  u n i t  i n  B o r e h o l e s  X  t o  Z ,  L ,  J ,  B a n d  e  ( F i g s  5 - 4 1 , 5 - 4 2  &  
5 - 4 7 ) .  A s  a  r e s u l t ,  t h e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  c o r r e l a t i n g  w i t h  t h e  l o w e r  p a r t  
o f  t h e  s e  u n i t  w a s  d e p o s i t e d .  T h e  s e d i m e n t s  f r o m  t h i s  s o u r c e  w e r e  d i s p e r s e d  t o  
t h e  b a s i n  b y  s o u t h e r l y  t o  s o u t h w e s t e r l y  c u r r e n t s ,  a s  s u g g e s t e d  b y  t h e  m e a n  
p a l a e o c u r r e n t  t r e n d  o f  2 2 4
0  
i n  t h e  t o p m o s t  S c a r b o r o u g h  S a n d s t o n e  a n d  2 0 6
0  
i n  
t h e  b a s a l  B u l g o  S a n d s t o n e  ( t h e  t w o  s t r a t i g r a p h i c  h o r i z o n s  b r o a d l y  c o r r e l a t e  w i t h  
t h e  m i d d l e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t ,  r e f e r  t o  F i g  4 - 3 )  i n  t h e  s o u t h  c o a s t  ( W a r d ,  
1 9 7 2 ) .  A s  t h e  d i s t a n c e  f r o m  t h i s  s o u r c e  i n c r e a s e d ,  i t s  i n f l u e n c e  d i m i n i s h e d  ( F i g  5 -
5 0 ) .  
D u r i n g  t h e  d e p o s i t i o n  o f  t h e  u p p e r  s e  u n i t ,  t h e  o f f s h o r e  v o l c a n i c  s o u r c e  c e a s e d  t o  
s u p p l y  l a r g e  a m o u n t s  o f  d e t r i t a l  v o l c a n i c  c l a s t s ,  a s  i m p l i e d  b y  t h e  s u d d e n  u p w a r d s  
d e c r e a s e  o f  t h e  d e t r i t a l  l i t h i c s  a c r o s s  D B 2 .  T h u s  t h e  d e t r i t a l  c l a s t s  w e r e  l a r g e l y  
d e r i v e d  f r o m  t h e  L a c h l a n  F o l d  B e l t  i n  t h e  w e s t  m a r g i n  a n d  w e s t e r n  p o r t i o n  o f  t h e  
s o u t h e r n  r e g i o n  a n d  r e s u l t e d  i n  t h e  d e p o s i t i o n  o f  s u b l i t h a r e n i t e s  a n d  q u a r t z o s e  
l i t h a r e n i t e s  o f  t h e  u p p e r  s e  u n i t .  T o  t h e  e a s t  c o a s t  z o n e  w h e r e  t h e  s a n d s t o n e s  
c o n s i s t  o f  r o u g h l y  e q u a l  a m o u n t  o f  d e t r i t a l  l i t h i c s  a n d  d e t r i t a l  q u a r t z  c l a s t s ,  t h e  
L a c h l a n  F o l d  B e l t  b e c a m e  l e s s  i m p o r t a n t  a n d  t h e  e a s t e r n  v o l c a n i c  s o u r c e  p r o b a b l y  
c o n t i n u e d  t o  s u p p l y  s o m e  d e t r i t a l  l i t h i c s .  
I n  t h e  n o r t h e r n  S y d n e y  B a s i n ,  t h e  d e t r i t a l  c l a s t s  w e r e  m a i n l y  d e r i v e d  f r o m  t h e  N e w  
E n g l a n d  F o l d  B e l t  a n d  t h e  L a c h l a n  F o l d  B e l t  e v e n  d u r i n g  e a r l y  p e r i o d  o f  s e  t i m e  
w h e n  t h e  e a s t e r n  v o l c a n i c  s o u r c e  w a s  v e r y  a c t i v e .  
1 6 3  
( i i i )  L o w e r  a n d  U p p e r  B u l g o  O p e r a t i o n a l  U n i t s  ( e x c l u d i n g  t o p  p a r t  o f  U B  u n i t )  
D B 1 ,  w h i c h  i s  f o u n d  i n  a l l  t h e  b o r e h o l e s  w h e r e  t h e  s a n d s t o n e s  f r o m  t h e  w h o l e  
N a r r a b e e n  G r o u p  a r e  a v a i l a b l e  a s  w e l l  a s  i n  B o r e h o l e  B ,  o c c u r s  n e a r  t h e  b o u n d a r y  
b e t w e e n  t h e  B H  /  U B  u n i t s  w i t h  B o r e h o l e  F  a s  a n  e x c e p t i o n  ( F i g  5 - 4 5 )  a n d  i t  i s  
w i t h i n  t h e  U B  u n i t  w i t h  B o r e h o l e  X  a s  a n  e x c e p t i o n  ( F i g  5 - 4 1 ) .  I n  t h e  s e q u e n c e  
b e t w e e n  D B 1  a n d  t h e  L B / S C  b o u n d a r y ,  t h e  s a n d s t o n e s  c h a n g e  l i t t l e  i n  e a c h  o f  t h e  
i n d i v i d u a l  b o r e h o l e s  e x c e p t  B o r e h o l e s  B ,  M ,  F  a n d  I  ,  w h i c h  a r e  l o c a t e d  i n  t h e  e a s t  
c o a s t  z o n e  a n d  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  a n d  a r e  r e l a t i v e l y  f a r  
a w a y  f r o m  t h e  L a c h l a n  F o l d  B e l t .  T h u s  t h e  L B  a n d  U B  u n i t s  ( e x c l u d i n g  t h e  p a r t  
b e t w e e n  D B 1  a n d  t h e  t o p  o f  t h e  U B  u n i t )  a r e  d i s c u s s e d  t o g e t h e r  h e r e  a s  a  s i n g l e  
s e d i m e n t a r y  s e q u e n c e .  
I n  t h i s  s e q u e n c e  d e t r i t a l  c o m p o s i t i o n  c h a n g e s  r e g u l a r l y  i n  t h e  r e g i o n a l  d i r e c t i o n .  
T o w a r d s  t h e  n o r t h e a s t ,  t h e  a b u n d a n c e  o f  d e t r i t a l  q u a r t z  c l a s t s  d e c r e a s e s  a n d  t h a t  
o f  d e t r i t a l  l i t h i c s  i n c r e a s e s .  T h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  c l a s t s  i n  t h e  
s a n d s t o n e s  o f  t h i s  s e q u e n c e  d e c r e a s e s  f r o m  7 5 . 1  %  o f  t h e  t o t a l  d e t r i t a l  c l a s t s  i n  
B o r e h o l e  Y ,  t h r o u g h  6 7 . 6  %  i n  B o r e h o l e  0 ,  t o  4 7 . 5  %  i n  B o r e h o l e  I  a n d  4 6 . 0  %  i n  
B o r e h o l e  F  ( F i g  5 - 5 2 ) .  T h e  a b u n d a n c e  o f  d e t r i t a l  f e l d s p a t h i c  c l a s t s  g e n e r a l l y  
i n c r e a s e s  n o r t h e a s t w a r d s .  
I n  t h e  w e s t  m a r g i n  a n d  t h e  s o u t h e r n  r e g i o n  o f  t h e  b a s i n ,  t h e  s a n d s t o n e s  i n  t h i s  
s e q u e n c e  c o n s i s t  l a r g e l y  o f  q u a r t z o s e  l i t h a r e n i t e s  a n d  s u b l i t h a r e n i t e s ,  i n d i c a t i n g  
t h e y  w e r e  m a i n l y  d e r i v e d  f r o m  a  q u a r t z o s e  s o u r c e .  T h e  L a c h l a n  F o l d  B e l t  i s  
c o n s i d e r e d  t o  b e  t h e  p r i n c i p a l  s o u r c e  i n  t h i s  p a r t  o f  t h e  b a s i n  ( F i g  5 - 5 2 ) .  
I n  B o r e h o l e s  F ,  I  a n d  M  i n  t h e  n o r t h e r n  b a s i n ,  w h i c h  a r e  f a r  a w a y  f r o m  t h e  L a c h l a n  
F o l d  B e l t ,  t h e  s e q u e n c e  b e t w e e n  D B  1  a n d  t h e  L B / S C  b o u n d a r y  c o n s i s t s  o f  q u a r t z  -
r i c h  i n t e r v a l s  a n d  l i t h i c  - r i c h  i n t e r v a l s  ( F i g s  5 - 4 4  &  5 - 4 5 ) .  T h i s  s u g g e s t s  t h a t  t h e  
s e d i m e n t s  i n  t h i s  p a r t  o f  t h e  b a s i n  w e r e  n o t  s u p p l i e d  b y  a  s i n g l e  p r i n c i p a l  s o u r c e .  
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F i g  5 - 5 2  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  g r a i n s  
i n  t h e  L o w e r  a n d  U p p e r  B u l g o  O p e r a t i o n a l  U n i t  ( e x c l u d i n g  t h e  t o p  p a r t  
o f  t h e  B H  u n i t )  a n d  t h e  d e d u c e d  d e t r i t a l  s o u r c e s .  
1 6 5  
B o t h  t h e  L a c h l a n  F o l d  B e l t  a n d  t h e  N e w  E n g l a n d  F o l d  B e l t  c o n t r i b u t e d  d e t r i t a l  
c l a s t s  t o  i t  w i t h o u t  o n e  d o m i n a t i n g  t h e  o t h e r  o v e r  a  l o n g  p e r i o d  o f  t i m e .  
I n  B o r e h o l e s  B a n d  C  i n  t h e  s o u t h e r n  e a s t  c o a s t  z o n e ,  t h e  v e r t i c a l  v a r i a t i o n s  o f  t h e  
d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  ( F i g  5 - 4 7 )  i m p l y  t h a t  t h e  e a s t e r n  v o l c a n i c  s o u r c e  
w a s  a c t i v e  f r o m  t i m e  t o  t i m e  w i t h  t h e  e a r l y  a n d  m i d d l e  p e r i o d s  o f  U B  t i m e  b e i n g  
m o r e  a c t i v e .  T h i s  i s  s u g g e s t e d  b y  t h e  a b u n d a n c e  o f  d e t r i t a l  v o l c a n i c  I i t h i c s  i n  t h e  
s a n d s t o n e s  i n  t h e  l o w e r  a n d  m i d d l e  p a r t s  o f  t h e  U B  u n i t .  T h i s  s o u r c e  s u p p l i e d  l a r g e  
a m o u n t s  o f  d e t r i t a l  v o l c a n i c  l i t h i c s  t o  t h e  s o u t h e r n  e a s t  c o s t  z o n e  o f  t h e  b a s i n  a n d  
l e d  t o  t h e  l o w  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  i n  t h i s  s e q u e n c e  i n  B o r e h o l e s  B  
a n d  C  ( F i g  5 - 5 2 ) .  T h e  i n f l u e n c e  o f  t h e  v o l c a n i c  s o u r c e  w a s  r e s t r i c t e d  t o  t h i s  z o n e ,  
a s  i n d i c a t e d  b y  t h e  l a c k  o f  t h e  s i g n i f i c a n t l y  l i t h i c  - r i c h  i n t e r v a l  i n  B o r e h o l e s  A  a n d  L  
w i t h i n  t h e  L B  a n d  U B  u n i t s ,  w h i c h  a r e  o n l y  f u r t h e r  a w a y  f r o m  t h i s  e a s t e r n  v o l c a n i c  
s o u r c e  t h a n  B o r e h o l e s  B a n d  C .  T h e  d e t r i t a l  v o l c a n i c  I i t h i c s  w e r e  s u p p l i e d  t o  t h e  
b a s i n  w e s t e r l y  f r o m  t h i s  s o u r c e ,  a s  i n d i c a t e d  b y  t h e  p a l a e o c u r r e n t  d a t a .  A t  G a r i e  
s o u t h ,  a  m e a n  p a l a e o c u r r e n t  t r e n d  o f  2 6 1
0  
w a s  m e a s u r e d  b y  W a r d  ( 1 9 7 2 )  i n  t h e  
m i d d l e  f a c i e s  ( " v o l c a n i c  f a c i e s " )  o f  t h e  B u l g o  S a n d s t o n e ,  w h i c h  c o r r e l a t e s  w i t h  t h e  
U p p e r  B u l g o  O p e r a t i o n a l  U n i t  ( r e f e r  t o  F i g  4 - 3 ) .  
( i v )  B a l d  H i l l  ( B H )  O p e r a t i o n a l  U n i t  a n d  T o p  P a r t  o f  U B  U n i t  
D e t r i t a l  q u a r t z  i s  m u c h  m o r e  a b u n d a n t  t h a n  d e t r i t a l  I i t h i c s  i n  t h e  B H  u n i t  a n d  t h e  t o p  
p a r t  o f  t h e  U B  u n i t ,  w h i c h  a r e  c o n s i d e r e d  h e r e  a s  a  s i n g l e  s e d i m e n t a r y  s e q u e n c e .  
F o r  t h i s  s e q u e n c e ,  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  c l a s t s  d e c r e a s e s  
n o r t h e a s t w a r d s  f r o m  9 8 . 1  %  i n  B o r e h o l e  0  a n d  9 6 . 5  %  i n  B o r e h o l e  X ,  t o  6 8 . 3  %  i n  
B o r e h o l e  I  a n d  6 7 . 4  %  i n  B o r e h o l e  F  ( F i g  5 - 5 3 )  s o  t h a t  t h e  a v e r a g e  p e r c e n t a g e  o f  
d e t r i t a l  l i t h i c s  g e n e r a l l y  i n c r e a s e s  t o  t h e  n o r t h e a s t .  D e t r i t a l  f e l d s p a r  i s  g e n e r a l l y  
a b s e n t  i n  t h e  s a n d s t o n e s  o f  t h i s  s e q u e n c e  i n  t h e  s o u t h e r n  S y d n e y  B a s i n  b u t  
i n c r e a s e s  a w a y  f r o m  t h e  L a c h l a n  F o l d  B e l t  s o u r c e  t o w a r d s  t h e  n o r t h e a s t .  I n  
B o r e h o l e s  M ,  I  a n d  F ,  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  f e l d s p a r  g r a i n s  f r o m  t h i s  
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F i g  5 - 5 3  R e g i o n a l  v a r i a t i o n  o f  t h e  a v e r a g e  p e r c e n t a g e  o f  d e t r i t a l  q u a r t z  g r a i n s  
i n  t h e  B a l d  H i l l  O p e r a t i o n a l  U n i t  a n d  t o p  p a r t  o f  t h e  U B  u n i t  a n d  t h e  
d e d u c e d  d e t r i t a l  s o u r c e s .  
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s e q u e n c e  w a s  r e c o r d e d  a s  5 . 9  % ,  2 . 2  %  a n d  1 . 6  %  o f  t h e  t o t a l  d e t r i t a l  c l a s t s  
r e s p e c t i v e l y .  
T h e  c h a r a c t e r i s t i c s  o f  d e t r i t a l  c o m p o s i t i o n  v a r i a t i o n  i n d i c a t e s  t h a t  t h e  L a c h l a n  F o l d  
B e l t  w a s  t h e  p r i n c i p a l  s o u r c e  d u r i n g  t h e  d e p o s i t i o n  o f  t h i s  s e q u e n c e  ( F i g  5 - 5 3 ) .  T h e  
N e w  E n g l a n d  F o l d  B e l t  s u p p l i e d  m i n o r  a m o u n t s  o f  l i t h i c  d e t r i t u s  o n l y  t o  t h e  
n o r t h e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n ,  b u t  t h e  N e w  E n g l a n d  F o l d  
B e l t  s o u r c e  i s  c o n s i d e r e d  t o  b e  m o r e  i m p o r t a n t  n e a r  t h e  n o r t h e a s t  m a r g i n  o f  t h e  
b a s i n .  A s  m e n t i o n e d  i n  t h e  l a s t  c h a p t e r ,  t h e  e a s t e r n  v o l c a n i c  s o u r c e  a l s o  
c o n t r i b u t e d  s e d i m e n t s ,  m a i n l y  c l a y  s i z e d  d e t r i t u s ,  t o  t h e  b a s i n  d u r i n g  d e p o s i t i o n  o f  
B H  u n i t  a n d  l e d  t o  t h e  d e p O S i t i o n  o f  t h e  c h a r a c t e r i s t i c  c h o c o l a t e  c l a y s t o n e s  i n  t h i s  
u n i t  ( W a r d ,  1 9 7 2 ) .  
I n  s u m m a r y ,  t h r e e  d e t r i t a l  s o u r c e s  - L a c h l a n  F o l d  B e l t ,  N e w  E n g l a n d  F o l d  B e l t ,  a n d  
e a s t e r n  v o l c a n i c  s o u r c e ,  e x i s t e d  d u r i n g  t h e  d e p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p  w i t h  
t h e  f o r m e r  t w o  b e i n g  m o r e  i m p o r t a n t  t h a n  t h e  l a t t e r .  T h e  N e w  E n g l a n d  F o l d  B e l t  
w a s  t h e  m a j o r  d e t r i t a l  s o u r c e  f o r  t h e  w h o l e  S y d n e y  B a s i n  d u r i n g  e a r l y  W O  t i m e .  A s  
s e d i m e n t a t i o n  p r o c e e d e d ,  i t s  i n f l u e n c e  d e c r e a s e d  a n d  t h e  L a c h l a n  F o l d  B e l t  
p l a y e d  a  m o r e  a n d  m o r e  i m p o r t a n t  r o l e  i n  s u p p l y i n g  d e t r i t u s  t o  t h e  b a s i n .  I t  f i n a l l y  
r e p l a c e d  t h e  N e w  E n g l a n d  F o l d  B e l t  a s  t h e  m a j o r  s o u r c e .  H o w e v e r ,  t h i s  
r e p l a c e m e n t  d i d  n o t  t a k e  p l a c e  a t  t h e  s a m e  t i m e  t h r o u g h o u t  t h e  w h o l e  b a s i n .  I t  
h a p p e n e d  i n  t h e  e a r l y  p e r i o d  o f  W O  t i m e  i n  t h e  w e s t  m a r g i n  a s  D B 3  i s  w i t h i n  t h e  
l o w e r  p a r t  o f  t h e  W O  u n i t  i n  B o r e h o l e s  T  a n d  W ,  i n  t h e  m i d d l e  p e r i o d  o f  W O  t i m e  i n  
t h e  w e s t e r n  p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n  o f  t h e  b a s i n  a s  D B 3  i s  w i t h i n  t h e  m i d d l e  
p a r t  o f  t h e  W O  u n i t  i n  B o r e h o l e s  X  t o  Z ,  a t  t h e  e n d  o f  W O  t i m e  i n  t h e  c e n t r a l  p a r t  o f  
t h e  b a s i n  ( n e a r  t h e  b o u n d a r y  b e t w e e n  t h e  s o u t h e r n  a n d  n o r t h e r n  r e g i o n s )  a s  D B 3  
i s  s i t u a t e d  n e a r  t h e  b o u n d a r y  o f  t h e  s e  a n d  W O  u n i t s  i n  B o r e h o l e s  M  a n d  0 ,  i n  t h e  
l a t e  p e r i o d  o f  s e  t i m e  i n  t h e  s o u t h w e s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  o f  t h e  
b a s i n  a s  D B 3  i s  w i t h i n  t h e  u p p e r  p a r t  o f  t h e  s e  u n i t  i n  B o r e h o l e  H .  F u r t h e r  
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n o r t h e a s t w a r d s ,  i n  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n ,  t h i s  r e p l a c e m e n t  
o c c u r r e d  e v e n  l a t e r  u n t i l  t o  t h e  U B  t i m e  ( D B 1  m a r k s  t h e  m a j o r  s o u r c e  c h a n g e  a n d  
i s  w i t h i n  t h e  U B  u n i t  i n  B o r e h o l e s  F  a n d  I ) .  T h e  t h i r d  s o u r c e ,  t h e  e a s t e r n  v o l c a n i c  
s o u r c e ,  s u p p l i e d  d e t r i t u s  t o  t h e  s o u t h e r n  e a s t  c o a s t  z o n e  a n d  t h e  e a s t e r n  p o r t i o n  o f  
t h e  s o u t h e r n  r e g i o n  o f  t h e  b a s i n  f r o m  t i m e  t o  t i m e  s t a r t i n g  f r o m  m i d d l e  W O  t i m e  
d u r i n g  d e p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p .  H o w e v e r ,  s a n d s t o n e  p e t r o l o g y  d a t a  
i n d i c a t e  t h a t  t h e  s o u r c e  s e e m s  t o  b e  v e r y  a c t i v e  o n l y  d u r i n g  t w o  p e r i o d s :  t h e  e a r l y  
S C  t i m e  a n d  t h e  e a r l y  a n d  m i d d l e  U B  t i m e ,  w h i c h  i s  s u p p o r t e d  b y  t h e  p r e s e n c e  o f  
t h e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  g e n e r a l l y  c o r r e l a t i n g  w i t h  t h e  l o w e r  p a r t  o f  t h e  
S C  u n i t  i n  t h e  s o u t h e r n  b a s i n  a n d  t h e  r e l a t i v e l y  a b u n d a n c e  o f  d e t r i t a l  l i t h i c s  i n  t h e  
l o w e r  a n d  m i d d l e  p a r t s  o f  t h e  U B  u n i t s  i n  t h e  b o r e  h o l e s  n e a r  t h e  s o u r c e .  
T h e  m a j o r  s o u r c e  s h i f t  f r o m  t h e  N e w  E n g l a n d  F o l d  B e l t  t o  t h e  L a c h l a n  F o l d  B e l t  c a n  
b e  e x p l a i n e d  b y  t h e  t e c t o n i c  d e v e l o p m e n t  o f  t h e  S y d n e y  B a s i n  a s  a  f o r e l a n d  b a s i n .  
F o l l o w i n g  a  m i d - P e r m i a n  p e r i o d  o f  d i a s t r o p h i s m  ( L e i t c h ,  1 9 7 4 ) ,  t h e  S y d n e y  B a s i n  
t o o k  i t s  f i n a l  s t r u c t u r a l  s h a p e  a s  a  r e s u l t  o f  s u b s i d e n c e  o f  t h e  f o r e l a n d .  T h i s  
s u b s i d e n c e  w a s  c o e v a l  w i t h  t h e  u p l i f t  o f  t h e  n o r t h e a s t  N e w  E n g l a n d  F o l d  B e l t  
a c c o m p a n i e d  b y  a c t i v e  m a g m a t i s m  ( J o n e s  e t  a I . ,  1 9 8 4 ) .  T h e  n e w l y  u p l i f t e d  F o l d  
B e l t  s u p p l i e d  l a r g e  q u a n t i t i e s  o f  d e t r i t u s  t h r o u g h  s o u t h w e s t  f l o w i n g  f l o w s  t o  t h e  
b a s i n  d e p o s i t e d  a s  t h e  P e r m i a n  C o a l  M e a s u r e s  a n d  t h e  l o w e r  p a r t  o f  t h e  
N a r r a b e e n  G r o u p .  W i t h o u t  r e g e n e r a t i o n  t h r o u g h  u p l i f t  a n d  v o l c a n i s m ,  h o w e v e r ,  t h e  
N e w  E n g l a n d  F o l d  B e l t  w a s  r e d u c e d  i n  h e i g h t  a n d  e x t e n t  a n d  s o  r e d u c e d  i n  
c a p a c i t y  t o  s u p p l y  l a r g e  a m o u n t s  o f  d e t r i t u s  t o  t h e  w h o l e  b a s i n  d u e  t o  c o n t i n u e d  
e r o s i o n  a n d  s e t t l i n g .  M e a n w h i l e ,  c o n t i n u e d  w e s t w a r d  m i g r a t i o n  o f  l i t h o s p h e r i c  
l o a d i n g  c a u s e d  b y  t h r u s t i n g  i n  t h e  N e w  E n g l a n d  F o l d  B e l t  r e s u l t e d  i n  t h e  
d e v e l o p m e n t  o f  a  p e r i p h e r a l  b u l g e  ( r e f e r  t o  Q u i n l a n  a n d  B e a u m o n t ,  1 9 8 4 )  o n  t h e  
e a s t e r n  e d g e  o f  t h e  L a c h l a n  F o l d  B e l t .  T h e  u p l i f t  o n  t h e  p e r i p h e r a l  b u l g e  c o n t i n u e d  
s o  t h a t  t h e  L a c h l a n  F o l d  B e l t  i n c r e a s e d  i t s  c a p a c i t y  t o  s u p p l y  d e t r i t u s  t o  t h e  b a s i n  
a n d  f i n a l l y  r e p l a c e d  t h e  N e w  E n g l a n d  F o l d  B e l t  a s  t h e  m a j o r  s o u r c e  f o r  t h e  b a s i n .  
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T h e  g r a d u a l  u p l i f t  o f  t h e  L a c h l a n  F o l d  B e l t  a n d  t h e  g r a d u a l  l o w e r i n g  o f  t h e  N e w  
E n g l a n d  F o l d  B e l t  w e r e  r e s p o n s i b l e  f o r  t h e  g r a d u a l  p r o c e s s  o f  t h e  s o u r c e  s h i f t  f r o m  
t h e  N e w  E n g l a n d  F o l d  B e l t  t o  t h e  L a c h l a n  F o l d  B e l t .  
P r i o r  t o  t h e  d e p o s i t i o n  o f  t h e  N a r r a b e e n  G r o u p ,  t h e  S y d n e y  B a s i n  e x p e r i e n c e d  a  
c o l d  c l i m a t e  d u r i n g  L a t e  C a r b o n i f e r o u s  a n d  P e r m i a n  t i m e  ( C r o w e l l  a n d  F r a k e s ,  
1 9 7 1  a ,  b ;  1 9 7 5 ) .  T h e  c o l d  c l i m a t e  c o n d i t i o n s  a n d  t h e  h i g h  r e l i e f  o f  t h e  N e w  
E n g l a n d  F o l d  B e l t  a s  a  r e s u l t  o f  i t s  u p l i f t  d u r i n g  m i d - P e r m i a n  d i a s t r o p h i s m  r e s u l t e d  
i n  a n  i m m a t u r e  s t a g e  o f  w e a t h e r i n g  o f  t h e  p a r e n t  r o c k s  i n  t h e  F o l d  B e l t .  T h u s  t h e  
d e t r i t u s  d e r i v e d  f r o m  i t  w e r e  m a i n l y  d e t r i t a l  l i t h i c  c l a s t s  a n d  v o l c a n i c  d e r i v e d  q u a r t z  
c l a s t s  a s  w e l l  a s  d e t r i t a l  f e l d s p a r  g r a i n s .  
T h e  d e t r i t a l  c l a s t s  f r o m  t h e  L a c h l a n  F o l d  B e l t  w e r e  l a r g e l y  d e t r i t a l  q u a r t z  g r a i n s ,  
w h i c h  r e s u l t e d  f r o m  a  m a t u r e  i n t e n s i v e  w e a t h e r i n g  o f  t h e  p a r e n t  r o c k s  i n  t h e  F o l d  
B e l t  s o  t h a t  u n s t a b l e  m a t e r i a l s  s u c h  a s  d e t r i t a l  l i t h i c s  a n d  f e l d s p a r  g r a i n s  w e r e  
r e m o v e d  a n d  o n l y  s t a b l e  d e t r i t a l  q u a r t z  c l a s t s  w e r e  l e f t .  U n d e r  t h e  c o l d  c l i m a t e  
c o n d i t i o n s ,  t h e  m a t u r e  w e a t h e r i n g  w a s  a c h i e v e d  b y  a  l o w  r e l i e f  o f  t h e  F o l d  B e l t  s o  
t h a t  t h e  w e a t h e r i n g  w a s  p r o l o n g e d .  S u c h  p r o l o n g e d  w e a t h e r i n g  o f  t h e  g r a n i t e s ,  
q u a r t z i t e s  a n d  s a n d s t o n e s  I  c o n g l o m e r a t e s  i n  t h e  F o l d  B e l t  p r o d u c e d  t h e  q u a r t z -
d o m i n a n t  d e t r i t u s .  
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C H A P T E R  S I X  
D I A G E N E S I S  O F  T H E  N A R R A B E E N  G R O U P  S A N D S T O N E S  
6 . 1  I N T R O P U C T I O N  
T h e  d i a g e n e s i s  o f  s a n d s t o n e s  h a s  r e c e i v e d  m o r e  a n d  m o r e  a t t e n t i o n  i n  t h e  l a s t  
t w e n t y  o r  s o  y e a r s .  T h e  e v e r - i n c r e a s i n g  i n t e r e s t  i n  t h e  t o p i c  c a n  p r o b a b l y  b e  
a t t r i b u t e d  t o  t w o  m a i n  r e a s o n s .  O n e  i s  t h a t  d i a g e n e s i s  c o n t r o l s  p o r o s i t y  a n d  
p e r m e a b i l i t y  o f  s a n d s t o n e s  s o  t h a t  i t  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  p o t e n t i a l  o f  
s a n d s t o n e s  a s  h y d r o c a r b o n  r e s e r v o i r  r o c k s .  T h e  o t h e r  r e a s o n  i s  t h a t  d i a g e n e s i s  i s  
a l s o  i m p o r t a n t  f r o m  a  p u r e l y  a c a d e m i c  p o i n t  o f  v i e w  s i n c e  i t  d e a l s  w i t h  t h e  
p r o c e s s e s  t a k i n g  p l a c e  f r o m  t h e  m o m e n t  o f  s e d i m e n t  d e p o s i t i o n  u p  t o  t h e  m o m e n t  
o f  s e d i m e n t s  e n t e r i n g  t h e  m e t a m o r p h i c  o r  w e a t h e r i n g  r e g i m e .  
T h e  d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  h a s  n o t  b e e n  s y s t e m a t i c a l l y  
s t u d i e d .  T h i s  i s  p r o b a b l y  m a i n l y  d u e  t o  t h e  u n s u c c e s s f u l  e x p l o r a t i o n  f o r  
h y d r o c a r b o n s  i n  t h e  b a s i n .  T h e  c u r r e n t  s t u d y  a i m s  a t  d i s c u s s i n g  t h e  p o t e n t i a l  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  a s  h y d r o c a r b o n  r e s e r v o i r s .  I t  i s  h o p e d  t h a t  t h i s  s t u d y  
m a y  s u p p l y  s o m e  g u i d a n c e  f o r  f u t u r e  h y d r o c a r b o n  e x p l o r a t i o n  o r  e v e n  e x p l o i t a t i o n  
i n  t h e  S y d n e y  B a s i n .  
6 . 2  A N A L Y T I C A L  P R O C E P U R E S  
S c a n n i n g  e l e c t r o n  m i c r o s c o p e  ( S E M )  I  e n e r g y  d i s p e r s i v e  X - r a y  ( E D X )  a n a l y s e s  o f  
1 6 7  s a n d s t o n e s  f r o m  2 5  b o r e  h o l e s ,  X - r a y  d i f f r a c t i o n  ( X R D )  s t u d i e s  o f  6 3  s a m p l e s  
f r o m  1 4  b o r e  h o l e s  a n d  m i c r o p r o b e  a n a l y s e s  o f  c a r b o n a t e s  i n  2 0  s a m p l e s  f r o m  1 0  
b o r e  h o l e s  ( s e e  A p p e n d i x  I ) ,  t o g e t h e r  w i t h  p e t r o l o g y  d a t a  o f  t h e  s a n d s t o n e s  f o r m  
t h e  b a s i s  f o r  d i s c u s s i o n  o f  d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s .  
F o l l o w i n g  p e t r o l o g i c a l  m i c r o s c o p e  e x a m i n a t i o n s  o f  t h e  4 1 7  s a m p l e s  c o l l e c t e d  f r o m  
t h e  g e o l o g i c a l  l o g g i n g ,  1 6 7  s a n d s t o n e s  w e r e  s e l e c t e d  f o r  S E M  I  E D X  s t u d i e s .  T h e  
s a n d s t o n e  w a s  f i r s t  c u t  i n t o  s m a l l  c h i p s  o f  a b o u t  4 - 8  m m  a c r o s s  w i t h  a  p a i r  o f  p l i e r s  
t o  g e t  f r e s h  s u r f a c e s .  T h e  s m a l l  c h i p s  w e r e  t h e n  m o u n t e d  o n  a l u m i n i u m  s t u b s  b y  
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m e a n s  o f  d o u b l e  a d h e s i v e  t a p e  a n d  c o a t e d  w i t h  a  t h i n  p l a t i n u m  o r  g o l d  l a y e r  o f  
a b o u t  2 0 0  A .  A f t e r  t h e  c o a t i n g ,  c a r b o n  d a g  w a s  p u t  a r o u n d  t h e  c o a t e d  c h i p s  i n  
o r d e r  t o  i n c r e a s e  c o n d u c t i v i t y  ( r e d u c i n g  s a m p l e  c h a r g i n g ) .  T h e y  w e r e  a n a l y s e d  
u s i n g  a  P H I L L l P S  5 0 5  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  e q u i p p e d  w i t h  e n e r g y  
d i s p e r s i v e  X - r a y  ( E D X )  a n a l y s e r .  
A u t h i g e n i c  m i n e r a l s  w e r e  i d e n t i f i e d  u s i n g  t h e  c r i t e r i a  p r o p o s e d  b y  W i l s o n  a n d  
P i t t m a n  ( 1 9 7 7 )  a n d  r e f e r e n c e  t o  t h e  b o o k  - S E M  P e t r o l o g y  A t l a s  b y  W e l t o n  ( 1 9 8 4 ) .  
A  s u m m a r y  o f  a u t h i g e n i c  m i n e r a l s  i d e n t i f i e d  b y  t h e  S E M  I  E D X  i s  p r e s e n t e d  i n  
A p p e n d i x  V .  I n  t h e  s u m m a r y ,  n o  a u t h i g e n i c  q u a r t z  a n d  a l b i t e  a r e  l i s t e d .  T h e  f o r m e r  
w a s  f o u n d  i n  a l l  t h e  s a m p l e s  s t u d i e d  u n d e r  S E M  I  E D X  a n d  t h e  l a t t e r  i n  t h e  m a j o r i t y  
o f  t h e  s a m p l e s  c o n t a i n i n g  d e t r i t a l  f e l d s p a r  g r a i n s .  
T o  c o n f i r m  t h e  i d e n t i f i c a t i o n  o f  c l a y  m i n e r a l s  r e c o g n i s e d  b y  p e t r o l o g i c a l  m i c r o s c o p e  
a n d  S E M  I  E D X  s t u d i e s ,  6 3  s a m p l e s  w e r e  s e l e c t e d  f o r  f u r t h e r  X R D  a n a l y s e s  f r o m  
t h e  1 6 7  s a m p l e s  s t u d i e d  u n d e r  S E M  I  E D X .  T h e  X R D  a n a l y s e s  w e r e  c a r r i e d  o u t  o n  
a  s e p a r a t e d  f i n e  f r a c t i o n  o f  s a n d s t o n e  s a m p l e s  w h i c h  e n a b l e d  d e t e c t i o n  a n d  
i d e n t i f i c a t i o n  o f  c l a y  m i n e r a l s  e v e n  w h e n  t h e y  a r e  p r e s e n t  i n  s m a l l  a m o u n t s .  D u r i n g  
X R D  a n a l y s e s ,  t h e  o r i e n t a t e d  f i n e  f r a c t i o n  w a s  f i r s t  a n a l y s e d  i n  a i r - d r i e d  c o n d i t i o n s  
a n d  t h e n  f u r t h e r  a n a l y s e d  f o l l o w i n g  t r e a t m e n t  o f  t h e  s a m p l e  w i t h  e t h y l e n e  g l y c o l  i n  
o r d e r  t o  i d e n t i f y  a n y  s w e l l i n g  c l a y s  p r e s e n t .  T h e  s a m p l e s  w e r e  a n a l y s e d  u s i n g  a  
P h i l l i p s  I L  p o w d e r  d i f f r a c t o m e t e r  f i t t e d  w i t h  a  g r a p h i t e  m o n o c h r o m a t o r ,  w h i c h  i s  
l o c a t e d  i n  T h e  D e p a r t m e n t  o f  G e o l o g y  a n d  G e o p h y s i c s ,  T h e  U n i v e r s i t y  o f  S y d n e y .  
T h e  X R D  a n a l y s e s  a r e  q u a l i t i t a t i v e .  H o w e v e r ,  b a s e d  o n  r e l a t i v e  i n t e n s i t y  o f  t h e  
s t r o n g e s t  p e a k s  f o r  d i f f e r e n t  m i n e r a l s ,  t h e  r e l a t i v e  a b u n d a n c e  o f  c l a y  m i n e r a l s  i n  
t h e  s a m e  s a m p l e  i s  c l a s s i f i e d  i n t o  t h r e e  g r a d e s :  m a j o r  a m o u n t ,  m i n o r  a m o u n t ,  a n d  
t r a c e  a m o u n t .  T h e  r e s u l t s  o f  t h e  X R D  a n a l y s e s  a r e  l i s t e d  i n  T a b l e  6 - 1 .  
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T a b l e  6 - 1  
R e s u l t s  o f  X R D  s t u d i e s  
S a m p l e  n o .  
O U  
K a o l i n  
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S a m p l e  n o .  O U  
K a o l i n  
l l i i t e  l l i i t e / s m e c t i t e  C h l o r i t e  
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N O T E :  
O U  =  o p e r a t i o n a l  u n i t ,  B H  =  B a l d  H i l l ,  U B  =  U p p e r  B u l g o ,  L B  =  L o w e r  B u l g o  
S C  =  S c a r b o r o u g h ,  W O  =  W o m b a r r a ,  
X  =  m a j o r  a m o u n t ,  M  =  m i n o r  a m o u n t ,  T  =  t r a c e  a m o u n t .  
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H i g h l y  p o l i s h e d  t h i n  s e c t i o n s  w e r e  p r e p a r e d  f o r  m i c r o p r o b e  a n a l y s e s  o f  c a r b o n a t e s  
i n  t h e  2 0  s a n d s t o n e  s a m p l e s  s e l e c t e d  f r o m  t h o s e  w h i c h  u n d e r w e n t  b o t h  p o i n t  
c o u n t i n g  a n d  S E M  I  E D X  e x a m i n a t i o n s  ( s e e  A p p e n d i x  I ) .  T h e  m i c r o p r o b e  a n a l y s e s  
w e r e  m a d e  o n  a  E t e c - S i e m e n s  A u t o p r o b e  u s i n g  t h e  w a v e l e n g t h  d i s p e r s i v e  
s y s t e m ,  w h i c h  i s  l o c a t e d  i n  T h e  E l e c t r o n  M i c r o s c o p e  U n i t ,  T h e  U n i v e r s i t y  o f  
S y d n e y .  T h e y  w e r e  c a r r i e d  o u t  u n d e r  t h e  s e t t i n g  o f  1 5  k v  a c c e l e r a t i o n  p o t e n t i a l  a n d  
2 0  n A  s a m p l e  c u r r e n t  w i t h  a  b e a m  s c a n  o f  1  O x 1  0  \ l m .  D e t e c t i o n  l i m i t s  a t  1 5  k v  a n d  
2 0  n A  a r e  a s  f o l l o w s :  M g  0 . 0 6 % ,  C a  0 . 0 3 % ,  F e  0 . 0 6 % ,  M n  0 . 0 8 % ,  a n d  S r  0 . 0 5 % .  
T h e  s t a n d a r d s  a r e  M g O  f o r  M g ,  a p a t i t e  f o r  C a ,  h a e m a t i t e  f o r  F e ,  r h o d o n i t e  f o r  M n ,  
a n d  S r T i 0
3  
f o r  S r .  O n l y  M g ,  C a ,  F e ,  a n d  M n  ( S r  i n c l u d e d  i n  s o m e  s a m p l e s )  
c o n c e n t r a t i o n s  w e r e  a n a l y s e d .  
I n  e a c h  o f  t h e  2 0  s a m p l e s ,  a  f e w  c a r b o n a t e  c e m e n t s  a n d  I  o r  r e p l a c e m e n t s  w e r e  
s e l e c t e d  f o r  a n a l y s e s .  O n e  t o  f i v e  a n a l y s e s  w e r e  c a r r i e d  o u t  o n  t h e  s a m e  c e m e n t  o r  
r e p l a c e m e n t .  T h e  a n a l y s e s  r e s u l t s  a r e  r e p o r t e d  i n  b o t h  o x i d e  p e r c e n t a g e  a n d  
m o l a r  p e r c e n t a g e .  T h e y  a r e  p r e s e n t e d  i n  A p p e n d i x  V I .  I t  s h o u l d  b e  n o t i c e d  t h a t  t h e  
2 0  s a m p l e s  d o  n o t  c o n t a i n  a l l  t y p e s  o f  c a r b o n a t e s  ( c a l c i t e ,  F e  c a l c i t e ,  s i d e r i t e ,  
d o l o m i t e ,  a n d  a n k e r i t e )  s u i t a b l e  f o r  m i c r o p r o b e  a n a l y s e .  A c t u a l l y ,  o n l y  o n e  t y p e  o f  
c a r b o n a t e  ( c a l c i t e  o r  s i d e  r i t e  o r  a n k e r i t e )  o r  t w o  t y p e s  o f  c a r b o n a t e  ( c a l c i t e  a n d  
a n k e r i t e  o r  s i d e  r i t e  a n d  a n k e r i t e  o r  s i d e  r i t e  a n d  d o l o m i t e )  c o u l d  b e  a n a l y s e d  b y  
m i c r o p r o b e  i n  t h e  s a m e  s a m p l e .  O f  t h e  2 0  s a m p l e s ,  c a l c i t e  w a s  a n a l y s e d  i n  f o u r  
s a m p l e s ,  s i d e  r i t e  i n  1 1  s a m p l e s ,  a n k e r i t e  i n  1 3  s a m p l e s  a n d  d o l o m i t e  i n  o n e  
s a m p l e  ( A p p e n d i x  V I ) .  
6 . 3  D I A G E N E T l C  ( A U T H I G E N I C )  M I N E R A L S  I N  T H E  N A R R A B E E N  G R O U P  
S A N P S T O N E S  
6 . 3 . 1  G E N E R A L  S T A T E M E N T  
S E M  I  E D X  a n a l y s e s ,  t o g e t h e r  w i t h  p e t r o l o g i c a l  m i c r o s c o p e  e x a m i n a t i o n s  o f  t h e  
s a m p l e d  s a n d s t o n e s ,  s h o w e d  t h a t  t h e r e  a r e  t h r e e  p r i n c i p a l  g r o u p s  o f  d i a g e n e t i c  
m i n e r a l s  i n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s :  c a r b o n a t e s ,  c l a y  m i n e r a l s  a n d  
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q u a r t z  c e m e n t s  ( A p p e n d i x  V ) .  C a r b o n a t e s  c o n s i s t  o f  c a l c i t e ,  d o l o m i t e ,  a n k e r i t e ,  a n d  
s i d e r i t e ,  o f  w h i c h  s i d e  r i t e  i s  t h e  m o s t  c o m m o n .  T h e  a u t h i g e n i c  c l a y  m i n e r a l s  
i n c l u d e  k a o l i n  ( k a o l i n i t e  a n d  d i c k i t e ) ,  i I I i t e ,  c h l o r i t e  a n d  m i x e d - l a y e r  i I I i t e  I  s m e c t i t e  
w i t h  k a o l i n  b e i n g  t h e  m o s t  c o m m o n .  M i c r o - q u a r t z ,  m e g a - q u a r t z  a n d  q u a r t z  
o v e r g r o w t h s  c o m p r i s e  q u a r t z  c e m e n t s  w i t h  q u a r t z  o v e r g r o w t h  b e i n g  t h e  m o s t  
a b u n d a n t .  I n  a d d i t i o n ,  a u t h i g e n i c  a l b i t e  w a s  c o m m o n l y  f o u n d  i n  s a n d s t o n e s  
c o n t a i n i n g  d e t r i t a l  p l a g i o c l a s e .  A  m i n o r  a m o u n t  o f  h a e m a t i t e ,  p y r i t e ,  a p a t i t e ,  
a n a t a s e ,  a n d  a n a l c i m e  w e r e  a l s o  f o u n d .  
B e f o r e  d e s c r i b i n g  e a c h  o f  t h e  i n d i v i d u a l  a u t h i g e n i c  m i n e r a l s ,  a  f e w  t e r m s  a r e  
d e f i n e d :  C L A Y  o r  C A R B O N A T E  C O A T I N G :  A u t h i g e n i c  c l a y  o r  c a r b o n a t e  c o a t s  t h e  
e n t i r e  s u r f a c e  o f  f r a m e w o r k  g r a i n s  e x c e p t  p o i n t s  o f  g r a i n  t o  g r a i n  c o n t a c t  a n d  t h e  
a u t h i g e n i c  m i n e r a l s  s h o w  a  p r e f e r r e d  o r i e n t a t i o n  n o r m a l  o r  p a r a l l e l  t o  t h e  d e t r i t a l  
g r a i n  s u r f a c e ;  C L A Y  o r  C A R B O N A T E  P O R E  F I L L I N G  m e a n s  t h a t  c l a y  o r  c a r b o n a t e  
p l u g s  i n t e r s t i t i a l  p o r e s  a s  i n d i v i d u a l  f l a k e s ,  o r  a g g r e g a t e s  o f  f l a k e s  o r  c r y s t a l s  a n d  
t h e  a u t h i g e n i c  m i n e r a l s  d o  n o t  s h o w  a n y  a p p a r e n t  a l i g n m e n t  r e l a t i v e  t o  t h e  d e t r i t a l  
g r a i n  s u r f a c e s  ( W i l s o n  a n d  P i t t m a n ,  1 9 7 7 ) .  T h e  d e f i n i t i o n s  o f  a n h e d r a l ,  s u b h e d r a l  
a n d  e u h e d r a l  o f  c r y s t a l s  f o l l o w  t h o s e  d e f i n e d  b y  F r i e d m a n  ( 1 9 6 5 ) .  
6 . 3 . 2  C A R B O N A T E S  
C A L C I T E  ( C a C 0
3
) :  D e p e n d i n g  o n  w h e t h e r  a  s u b s t a n t i a l  a m o u n t  o f  f e r r o u s  i r o n  i s  
p r e s e n t  o r  n o t ,  c a l c i t e  i s  d i v i d e d  i n t o  t w o  t y p e s :  N o n - f e r r o a n  c a l c i t e  a n d  f e r r o a n  
c a l c i t e .  T h e  c a l c i t e  o c c u r s  i n  t h r e e  f o r m s  i n  t e r m s  o f  c r y s t a l  s i z e :  v e r y  s m a l l  e q u a n t  
a n h e d r a l  t o  s u b h e d r a l  c r y s t a l s  w i t h  a  s i z e  o f  2 - 6  I l m ,  s m a l l  p o l y h e g o n a l  e u h e d r a l  
c r y s t a l s  w i t h  a  s i z e  o f  1 0 - 2 0  m i c r o n s ,  a n d  l a r g e  ( >  2 0  I l m )  a n h e d r a l  t o  e u h e d r a l  
c r y s t a l s .  T h e  f o r m e r  t w o  f o r m s  c o a t  d e t r i t a l  g r a i n  s u r f a c e s  ( F i g s  6 - 1  &  6 - 2 ) .  T h e y  
w e r e  o n l y  f o u n d  i n  t w o  ( W 3 0 0 . 8  a n d  W 3 1 0 . 4 )  o f  t h e  s a m p l e s  s t u d i e d  u n d e r  S E M  I  
E D X .  T h e  l a t t e r  f o r m  f i l l s  i n t e r - g r a i n  p o r e  s p a c e s  ( F i g s  6 - 3  &  6 - 4 ) .  T h e  c a l c i t e  
c e m e n t  w a s  u s u a l l y  f o u n d  i n  t h e  s a n d s t o n e s  o f  t h e  l o w e r  N a r r a b e e n  G r o u p  i n  t h e  
e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  ( i n  B o r e h o l e s  B ,  C ,  J ,  M  a n d  I ) .  
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Fig 6-1 (top left) Grain coating very small equant anhedral to subhedral 
non-ferroan calcite crystals (C), together with euhedral rhombohedral side rite 
crystals (S) and prismatic quartz crystals (0). From Weromba 2 at drilling depth of 
310.4 m (sample W310.4). 
Fig 6-2 (top right) Grain coating non-ferroan calcite crystals (C) coarsening 
towards the pore centre. Note euhedrality increasing with crystal size from 
subhedral to euhedral. From Weromba 2 at drilling depth of 300.8 m (sample 
W300.8). 
Fig 6-3 (upper left) Pore filling subhedral to euhedral non-ferroan calcite 
cement (C). From Liverpool 91 at drilling depth of 595.2 m (sample L595.2). 
Fig 6-4 (upper right) Pore filling anhedral to subhedral non-ferroan calcite 
cement (C). From Cape Banks 1 at drilling depth of 641.2 m (sample J641.2). 
Fig 6-6 (lower left) Slightly dissolved pore-filling ferroan calcite crystals (Fe 
C) engulfed by quartz overgrowths. White dot is the point where EDX analysis was 
made. Refer to Fig 6-7a for the EDX spectrum. From Cobbitty 3 at drilling depth of 
528.7 m (sample X528.7). 
Fig 6-8 (lower right) Large pore filling anhedral dolomite cement (D). The 
cross point of the two white lines is the point where EDX analysis was made. Refer 
to Fig 6-7b for the EDX spectrum. From Oil Longley 1 at drilling depth of 465.5 m 
(sample 1465.5). 
Fig 6-9 (bottom left) Pore-filling euhedral dolomite cement (D). From St 
Albans 1 at drilling depth of 681.2 m (sample H681.2). 
Fig 6-10 (bottom right) Grain coating euhedral rhombohedral siderite crystals 
enclosed by a large pore-filling euhedral ankerite crystal. 0 marks quartz 
overgrowths. See Fig 6-11 on page 181 for enlargement. From Cobbitty 3 at 
drilling depth of 531.9 m (sample X531.9). 

1 7 7  
G e n e r a l l y  i t  d o s e  n o t  c o e x i s t  w i t h  o t h e r  k i n d s  o f  c a r b o n a t e s  ( A p p e n d i x  V ) .  
O f  t h e  2 0  s a m p l e s  s e l e c t e d  f o r  m i c r o p r o b e  a n a l y s e ,  f o u r  s a m p l e s  ( B 3 9 4 . 1 ,  L 5 7 9 . 2 ,  
J 5 1 4 . 8  a n d  J 5 9 9 . 9 )  f r o m  t h r e e  b o r e h o l e s  c o n t a i n  s u i t a b l e  c a l c i t e  f o r  m i c r o p r o b e  
a n a l y s e s .  T h e  r e s u l t s  s h o w  o v e r a l l  s i m i l a r i t y  o f  c a l c i t e  c o m p o s i t i o n s  i n  t h e  f o u r  
s a m p l e s  w i t h  3  t o  9  m o l e  %  M g  +  F e  +  M n  s u b s t i t u t i o n  f o r  C a  ( r e f e r  t o  A p p e n d i x  V I ) .  
O f  t h e  t h r e e  s u b s t i t u t i n g  e l e m e n t s ,  M g  i s  t h e  l e a s t  a b u n d a n t  a n d  M n  i s  t h e  m o s t  
a b u n d a n t  ( F i g  6 - 5 ) .  T h e  r e l a t i v e l y  h i g h  M n  c o n c e n t r a t i o n  ( 2  t o  6  m o l e  % )  i n  t h e s e  
c a l c i t e s  o f  m e t e o r i c  o r i g i n  ( s e e  n e x t  c h a p t e r )  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n s  o f  
t h e  a s s o c i a t i o n  o f  M n  w i t h  c a l c i t e  i n  p o r e  w a t e r s  o f  m e t e o r i c  o r i g i n  i n  o t h e r  
g e o l o g i c a l  s e t t i n g s  ( M e y e r s , 1 9 7 4 ;  M o u n t  a n d  C o h e n ,  1 9 8 4 ;  B o l e s  e t a ! . ,  1 9 8 5 ;  
B o l e s ,  1 9 8 7 ) .  
F e r r o a n  c a l c i t e  i s  i d e n t i f i e d  f r o m  S E M  /  E D X  a n a l y s e s .  I t  i s  p r e s e n t  a s  p o r e - f i l l i n g  
l a r g e  ( >  2 0  I l m )  s u b h e d r a l  t o  e u h e d r a l  c r y s t a l s  i n  t h e  f o r m  o f  s i n g l e  c r y s t a l s  o r  
m o s a i c  c r y s t a l s  ( F i g s  6 - 6  &  6 - 7 a ) .  I t  w a s  f o u n d  i n  a  n u m b e r  o f  v o l c a n i c  l i t h i c  r i c h  
s a n d s t o n e s  i n  t h e  l o w e r  N a r r a b e e n  G r o u p  b u t  w a s  n o t  a s  c o m m o n  a s  p o r e  f i l l i n g  
l a r g e  c a l c i t e .  F e r r o a n  c a l c i t e  c r y s t a l s  w e r e  g e n e r a l l y  f o u n d  t o  c o e x i s t  w i t h  s i d e r i t e  
c r y s t a l s  ( A p p e n d i x  V ) .  I n  t h e  2 0  s a m p l e s  s e l e c t e d  f o r  m i c r o p r o b e  a n a l y s e s ,  n o  
s u i t a b l e  f e r r o a n  c a l c i t e  w a s  f o u n d  f o r  t h e  a n a l y s e s .  
D O L O M I T E  [ C a M g ( C 0
3
) 2 1 :  I t  i s  i d e n t i f i e d  b y  E D X  a n a l y s e s .  D o l o m i t e  f i l l s  i n t e r - g r a i n  
p o r e  s p a c e s  a s  a n h e d r a l  ( F i g s  6 - 8  &  6 - 7 b )  t o  e u h e d r a l  c r y s t a l s  ( F i g  6 - 9 ) .  T h e  
r e p l a c e m e n t  o f  a  d e t r i t a l  g r a i n  b y  a  s i n g l e  d o l o m i t e  c r y s t a l  w a s  a l s o  s e e n  u n d e r  t h e  
S E M  /  E D X  a n a l y s e s .  D o l o m i t e  w a s  f o u n d  o n l y  i n  t h r e e  o f  t h e  s a m p l e s  s t u d i e d  
( H 6 8 1 . 2 ,  1 4 6 5 . 6  a n d  W 4 5 5 . 6 )  u n d e r  t h e  S E M  ( A p p e n d i x  V ) .  M i c r o p r o b e  a n a l y s e s  
w a s  c a r r i e d  o u t  f o r  t h e  d o l o m i t e  i n  s a m p l e  W 4 5 5 . 6 .  T h e  a n a l y s i s  r e s u l t s  i n d i c a t e  
t h a t  i t  h a s  6 . 3 3  m o l e  %  F e  s u b s t i t u t i o n  f o r  M g  w i t h  C a : M g  =  1 : 1  ( A p p e n d i x  V I ) .  
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Fig 6-5 Calcite compositions (mole %) from the Narrabeen Group sandstones. Data from microprobe analyses of 4 
samples from three boreholes. 
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A N K E R I T E  [ C a ( M g , F e +
2
, M n ) ( C 0
3
l 2 1 :  I t  i s  u s e d  h e r e  f o r  m a t e r i a l  w i t h  M g : F e  <  4 : 1 ,  
i . e .  t h e  m i n e r a l  i s  t e r m e d  f e r r o a n  d o l o m i t e  i f  i t  h a s  u p  t o  2 0  %  o f  t h e  M g  p o s i t i o n s  
f i l l e d  b y  F e
2
+  o r  M n ,  a n d  a n k e r i t e  i f  i t  i s  r i c h e r  t h a n  t h i s  i n  f e r r o u s  i o n  a n d  
m a n g a n e s e  ( D e e r  e t  a I . ,  1 9 6 6 ) .  A n k e r i t e  w a s  i d e n t i f i e d  b y  E D X  a n a l y s e s  a n d  
c o n f i r m e d  b y  m i c r o p r o b e  s t u d y .  A n k e r i t e  i s  p r e s e n t  a s  p o r e  f i l l i n g  c e m e n t s  i n  t h e  
f o r m  o f  s i n g l e  ( F i g s  6 - 1 0  &  6 - 1 1 )  o r  m o s a i c  ( F i g  6 - 1 2 )  c r y s t a l s  w i t h  a  c r y s t a l  s i z e  
l a r g e r  t h a n  2 0  I 1 m .  P o r e  f i l l i n g  a n k e r i t e  c e m e n t  c a n  b e  v e r y  l a r g e  i n  c r y s t a l  s i z e  
( 2 0 0  o r  m o r e  m i c r o n s )  a n d  i t  i s  a b l e  t o  e n c l o s e  a  d e t r i t a l  g r a i n  ( F i g s  6 - 1 3  &  6 - 1 4 ) .  
T h e  r e p l a c e m e n t  o f  d e t r i t a l  v o l c a n i c  l i t h i c s  a n d  f e l d s p a r  g r a i n s  b y  s i n g l e  a n k e r i t e  
c r y s t a l s  w a s  a l s o  f o u n d .  A n k e r i t e  c r y s t a l s  c a n  b e  a n h e d r a l ,  s u b h e d r a l ,  o r  e u h e d r a l .  
T h e y  a r e  g e n e r a l l y  r e s t r i c t e d  t o  t h e  l o w e r  N a r r a b e e n  G r o u p  a n d  t e n d  t o  c o e x i s t  
w i t h  p o r e  f i l l i n g  s i d e r i t e  c e m e n t s  ( A p p e n d i x  V ) .  
O f  t h e  2 0  s a m p l e s  s e l e c t e d  f o r  m i c r o p r o b e  a n a l y s e s ,  1 3  s a m p l e s  f r o m  9  b o r e  h o l e s  
c o n t a i n  s u i t a b l e  a n k e r i t e  f o r  t h e  a n a l y s e s .  T h e  a n a l y s i s  r e s u l t s  i n d i c a t e  t h a t  
a n k e r i t e  h a s  a  9  t o  2 3  m o l e  %  F e  s u b s t i t u t i o n  f o r  M g  w i t h  C a  :  ( M g + F e )  >  1 : 1  
( A p p e n d i x  V I ) .  T h r o u g h o u t  t h e  w h o l e  N a r r a b e e n  G r o u p  s a n d s t o n e s  a c r o s s  t h e  
e n t i r e  b a s i n ,  t h e  C a  c o n c e n t r a t i o n  i n  t h e  a n k e r i t e s  v a r i e s  i n  t h e  r a n g e  o f  5 0  %  t o  5 9  
%  w i t h  f e w  e x c e p t i o n s  ( F i g  6 - 1 5 ) .  T h e  M n  c o n c e n t r a t i o n  i n  t h e  a n k e r i t e s  i s  q u i t e  
l o w .  I t  i s  g e n e r a l l y  l e s s  t h a n  2  m o l e  % .  Z o n e d  a n k e r i t e  c e m e n t s  w e r e  f o u n d ,  a s  
s u g g e s t e d  b y  t h e  M g / F e  c o n c e n t r a t i o n  v a r i a t i o n  a c r o s s  t h e  s a m e  c e m e n t  ( e . g .  
s a m p l e  Y 5 6 6 . 1 ) .  F r o m  t h e  m i c r o p r o b e  a n a l y s e s ,  n o  c h a r a c t e r i s t i c  c o m p o s i t i o n  
v a r i a t i o n  o f  a n k e r i t e s  c o u l d  b e  e s t a b l i s h e d  e i t h e r  v e r t i c a l l y  t h r o u g h o u t  t h e  
N a r r a b e e n  G r o u p  o r  r e g i o n a l l y  i n  t h e  s a m e  s t r a t i g r a p h i c  h o r i z o n  a c r o s s  t h e  
S y d n e y  B a s i n .  
S I D E R I T E  ( F e C 0
3
) :  I t  i s  t h e  m o s t  c o m m o n  c a r b o n a t e  c e m e n t  i n  t h e  s a n d s t o n e s  a n d  
w a s  f o u n d  i n  m o s t  o f  t h e  s a m p l e s  s t u d i e d  u n d e r  S E M  /  E D X  ( A p p e n d i x  V ) .  T h e  
s i d e  r i t e  c a n  b e  d i v i d e d  i n t o  t w o  t y p e s  i n  t e r m s  o f  c r y s t a l  s i z e :  s m a l l  u n i f o r m  
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Fig 6-11 (top left) Enlargement of Fig 6-10. S marks side rite and A ankerite. 
Fig 6-12 (top right) Subhedral to euhedral ankerite crystals (A) enclosed by 
quartz overgrowths (a). From Cobbitty 3 at drilling depth of 490.9 m (sample 
X490.9). 
Fig 6-13 (upper left) A very large subhedral to euhedral ankerite cement (a) 
enclosing an altered detrital volcanic clast (V). From South Colah 1 at drilling 
depth of 755.9 m (sample 0755.9). 
Fig 6-14 (upper right) Enlargement of Fig 6-13. A marks ankerite. 
Fig 6-16 (lower left) Euhedral rhombohedral siderite crystals coating a detrital 
grain (see Fig 6-17 for enlargement). From Weromba 2 at drilling depth of 310.4 m 
(sample W310.4). 
Fig 6-17 (lower right) Enlargement of Fig 6-16. S marks side rite and a quartz 
overgrowths. 
Fig 6-18 (bottom left) Mosaic pore-filling euhedral siderite crystals (S) and 
prismatic quartz (mega-quartz) crystals (a). From Campbelltown 5 at drilling depth 
of 468.5 m (sample Y468.5). 
Fig 6-19 (bottom right) Mosaic euhedral side rite crystals (S) enclosed by quartz 
overgrowths (a). From Weromba 2 at drilling depth of 274.6 m (sample W274.6). 
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F i g  6 - 1 5  A n k e r i t e  c o m p o s i t i o n s  ( m o l e  % )  f r o m  t h e  N a r r a b e e n  
G r o u p  s a n d s t o n e s .  D a t a  f r o m  m i c r o p r o b e  a n a l y s e s  
o f  1 3  s a m p l e s  f r o m  9  b o r e  h o l e s .  
1 8 2  
1 8 3  
r h o m b o h e d r a l  c r y s t a l s  w i t h  a  s i z e  o f  1 0 - 2 0  I l m  a n d  l a r g e r  c r y s t a l s  w i t h  a  s i z e  o f  
m u c h  g r e a t e r  t h a n  2 0  I l m .  T h e  f o r m e r  c o a t  d e t r i t a l  g r a i n  s u r f a c e s  ( F i g s  6 - 1 0 ,  6 - 1 1 ,  
6 - 1 6  &  6 - 1 7 ) ,  b u t  t h i s  m o r p h o l o g y  i s  n o t  c o m m o n .  I t  w a s  f o u n d  o n l y  i n  t h r e e  
s a m p l e s  ( W 3 0 0 . 8 ,  W 3 1 0 . 4  a n d  X 5 3 1 . 9  ) .  I n  c o n t r a s t ,  t h e  l a r g e  s i d e  r i t e  c r y s t a l s  a r e  
v e r y  c o m m o n .  T h e y  r a n g e  f r o m  e u h e d r a l  r h o m b o h e d r o n s ,  s u b h e d r a l  c r y s t a l s  t o  
a n h e d r a l  c r y s t a l s .  O f  t h e s e  t h e  e u h e d r a l  a n d  s u b h e d r a l  c r y s t a l s  a r e  t h e  d o m i n a n t  
f o r m s .  T h e  l a r g e  s i d e  r i t e  c r y s t a l s  u s u a l l y  f i l l  i n t e r - g r a i n  p o r e  s p a c e s  i n  t h e  f o r m  o f  
s i n g l e  ( F i g  6 - 1 )  o r  m o s a i c  c r y s t a l s  ( F i g s  6 - 1 8  &  6 - 1 9 ) .  T h e  p o r e  f i l l i n g  s i d e r i t e  
c e m e n t  c a n  b e  l a r g e  e n o u g h  t o  e n c l o s e  a  d e t r i t a l  g r a i n  ( F i g s  6 - 2 0  &  6 - 7 c ) .  S i d e r i t e  
c r y s t a l s  a l s o  r e p l a c e  d e t r i t a l  f e l d s p a r  g r a i n s  a n d  v o l c a n i c  c l a s t s  ( F i g s  6 - 2 1 ,  6 - 2 2  &  
6 - 7 d ) .  
O f  t h e  2 0  s a m p l e s  s e l e c t e d  f o r  m i c r o p r o b e  a n a l y s e s ,  a n a l y s e s  o f  s i d e  r i t e  w e r e  
c a r r i e d  o u t  i n  1 1  s a m p l e s  f r o m  8  b o r e h o l e s .  T h e  r e s u l t s  i n d i c a t e  t h a t  s i d e  r i t e  
c o m p o s i t i o n s  v a r y  g r e a t l y  a s  a  r e s u l t  o f  s u b s t i t u t i o n  o f  M g + C a + M n  f o r  F e  ( F i g  6 - 2 3 ) .  
M o s t  o f  t h e  s i d e  r i t e s  a n a l y s e d  a r e  z o n e d  s i d e  r i t e s  ( A p p e n d i x  V I ) ,  s h o w n  b y  t h e  
v a r i a t i o n s  o f  t h e  M g / F e  c o n c e n t r a t i o n  a c r o s s  t h e  s a m e  s i d e  r i t e  c r y s t a l  ( e . g .  s a m p l e s  
Y 5 6 6 . 1 ,  0 4 3 5 . 2 ,  A p p e n d i x  V I ) .  S a m p l e  Y 3 9 7 . 6  h a s  t h e  p u r e s t  s i d e  r i t e  w i t h  F e C 0
3  
u p  t o  9 5  m o l e  %  w h e r e a s  t h e  s i d e r i t e  i n  s a m p l e  W 4 5 5 . 6  h a s  3 6  t o  4 4  m o l e  %  M g  
s u b s t i t u t i o n  f o r  F e  ( F i g  6 - 2 3 ) .  T h e  a p p r e c i a b l e  M g  s u b s t i t u t i o n  f o r  F e  i n  t h e  n o n -
m a r i n e  ( m e t e o r i c  w a t e r )  s i d e r i t e s  ( s e e  n e x t  c h a p t e r )  i s  s i m i l a r  t o  t h a t  o b s e r v e d  i n  
b o t h  m a r i n e  s i d e r i t e s  ( M a t s u m o t o  a n d  l i j i m a ,  1 9 8 1 ,  B o l e s ,  1 9 8 7 )  a n d  n o n - m a r i n e  
s i d e  r i t e s  ( E a d i n g t o n  e t  a I . ,  1 9 8 9 )  i n  o t h e r  g e o l o g i c a l  s e t t i n g s .  T h e  m i c r o p r o b e  
a n a l y s e s  d o  n o t  s h o w  a n y  c h a r a c t e r i s t i c  v a r i a t i o n  o f  s i d e  r i t e  c o m p o s i t i o n s  v e r t i c a l l y  
i n  t h e  s a m e  b o r e h o l e  o r  r e g i o n a l l y  i n  t h e  s a m e  s t r a t i g r a p h i c  h o r i z o n  a c r o s s  t h e  
b a s i n .  
6 . 3 . 3  C L A Y  M I N E R A L S  
K A O L I N  [ A I
4
( S i
4
0
1 o
) ( O H ) s l :  A s  a  b r o a d  t e r m  u s e d  h e r e ,  i t  i n c l u d e s  b o t h  k a o l i n i t e  
a n d  d i c k i t e .  I t  i s  t h e  m o s t  c o m m o n  c l a y  m i n e r a l  i n  t h e  s a m p l e s  ( T a b l e  6 - 1  a n d  
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Fig 6-20 (top left) Large anhedral to subhedral Ca Mg side rite cement (S) 
enclosing a detrital grain. The cross point of the two white lines is the point where 
EDX analysis was made. Refer to Fig 6-7c for the EDX spectrum. From St Albans 1 
at drilling depth of 568.7 m ( sample H568.7). 
Fig 6-21 (top right) Euhedral side rite crystals replacing a detrital grain 
(volcanic clast). From Liverpool 91 at drilling depth of 285.2 (sample L285.2). 
Fig 6-22 (upper left) Enlargement of Fig 6-21. S marks siderite. The cross 
point of the two white lines is the point where EDX analysis was made. Refer to Fig 
6-7d for the EDX spectrum. 
Fig 6-24 (upper right) Stacked kaolin blocks (K) on the surface of a detrital 
grain. From Oil Longley 1 at drilling depth of 437.4 m (sample 1437.4). 
Fig 6-25 (lower left) Individual kaolin flakes on a detrital grain surface. From 
Weromba 2 at drilling depth of 359.4 m (sample W359.4). 
Fig 6-26 (lower right) Individual kaolin flakes on the surface of well developed 
quartz overgrowths (a). S marks an euhedral side rite crystal. From Weromba 2 at 
drilling depth of 274.6 m (sample W274.6). 
Fig 6-27 (bottom left) Stacked kaolin flakes filling inter-grain pore spaces 
together with diagenetic illite. From Campbelltown 5 at drilling depth of 468.5 m 
(sample Y468.5). 
Fig 6-28 (bottom right) Stacked kaolin flakes (K) filling dissolution pore spaces 
of a subhedral ankerite crystal (A). From Campbelltown 5 at drilling depth of 566.1 
m (sample Y566.1). 

Fe Fe 
(0 Borehol e 
• A •. Land 0) 
• H •. F. [] D) 
fv1g 50 Mn fv1g 50 
Fig 6-23 Siderite compositions (mole %) from the Narrabeen Group sandstones. Data from microprobe analyses of 
11 samples from 8 boreholes. 
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A p p e n d i x  V ) .  O n  t h e  X R D  t r a c e ,  i t  w a s  i d e n t i f i e d  b y  i t s  t y p i c a l  p e a k s  a t  7 . 1 5 ,  3 . 5 8  
a n d  2 . 3 8  A .  
T h e  a u t h i g e n i c  k a o l i n  o c c u r s  i n  t w o  f o r m s  i n  t e r m s  o f  m o r p h o l o g y :  b l o c k y  a n d  f l a k y  
w i t h  t h e  l a t t e r  b e i n g  t h e  o v e r w h e l m i n g l y  d o m i n a n t  f o r m .  A n  i n d i v i d u a l  b l o c k y  k a o l i n  
c r y s t a l  i s  2 - 3 1 l m  a c r o s s  w i t h  a  t h i c k n e s s  o f  1 - 2  I l m  ( F i g  6 - 2 4 ) .  T h e  b l o c k y  k a o l i n  i s  
l i k e l y  t o  b e  k a o l i n i t e .  
A n  i n d i v i d u a l  f l a k y  k a o l i n  c r y s t a l  i s  a b o u t  5 - 1 5  I l m  a c r o s s  w i t h  a  t h i c k n e s s  o f  m u c h  
l e s s  t h a n  1  I l m .  T h e  m a j o r i t y  o f  f l a k y  k a o l i n  c r y s t a l s  a r e  5 - 1 0  I l m  a c r o s s .  T h e  l a r g e r  
f l a k y  k a o l i n  i s  l i k e l y  t o  b e  d i c k i t e .  I t  o c c u r s  e i t h e r  a s  i n d i v i d u a l  p s e u d o - h e x a g o n a l  
f l a k e s  o r  a s  f a c e  t o  f a c e  s t a c k s  o f  p s e u d o - h e x a g o n a l  f l a k e s  ( s t a c k e d  k a o l i n  f l a k e s )  
w i t h  t h e  l a t t e r  b e i n g  m o r e  c o m m o n .  T h e  i n d i v i d u a l  k a o l i n  f l a k e s  a r e  g e n e r a l l y  
p r e s e n t  o n  t h e  s u r f a c e s  o f  b o t h  d e t r i t a l  g r a i n s  ( F i g  6 - 2 5 )  a n d  a u t h i g e n i c  m i n e r a l s  
( c a r b o n a t e s  a n d  q u a r t z  o v e r g r o w t h s )  ( F i g  6 - 2 6 ) .  T h e  s t a c k e d  k a o l i n  f l a k e s  f i l l  i n t e r -
g r a i n  p o r e  s p a c e s  ( F i g  6 - 2 7 )  a n d  s e c o n d a r y  p o r e  s p a c e s  ( F i g  6 - 2 8 ) ,  f o r m  a  m a s s  
w i t h  t h e  o u t l i n e  o f  a n  a l t e r e d  d e t r i t a l  g r a i n  ( F i g s  6 - 2 9  t o  6 - 3 2 ) ,  a r e  p r e s e n t  o n  q u a r t z  
o v e r g r o w t h s  a n d  c a r b o n a t e  c r y s t a l s  ( F i g  6 - 3 3 ) ,  a n d  a r e  e n c l o s e d  b y  q u a r t z  
o v e r g r o w t h s  ( F i g  6 - 3 4 ) .  S o m e  s t a c k e d  k a o l i n  f l a k e s  h a v e  r a g g e d  e d g e s  ( F i g  6 - 3 5 ) .  
O t h e r  s t a c k e d  k a o l i n  f l a k e s  s h o w  i l l i t i s a t i o n  a t  t h e i r  e d g e s  ( F i g s  6 - 3 6  &  6 - 3 7 ) .  
I L U T E  [ K H . s A I 4 ( S i 7 . 6 . s A I H . S 0 2 0 ) ( O H ) 4 ] :  I t  i s  a  l e s s  c o m m o n l y  f o u n d  d i a g e n e t i c  
m i n e r a l  i n  t h e s e  s a m p l e s  ( T a b l e  6 - 1  a n d  A p p e n d i x  V ) .  S E M  /  E D X  s t u d i e s  s h o w  
t h a t  a u t h i g e n i c  i I I i t e  i s  p r e s e n t  w i t h i n  a l t e r e d  d e t r i t a l  g r a i n s  ( F i g s  6 - 3 8  &  6 - 3 9 ) .  I t  
a l s o  o c c u r s  o n  c a r b o n a t e  c r y s t a l s  a n d  p r i s m a t i c  q u a r t z  c r y s t a l s  ( F i g  6 - 4 0 ) ,  b r i d g e s  
i n t e r - g r a i n  p o r e  s p a c e s  ( F i g s  6 - 4 1  &  6 - 4 2 ) ,  f i l l s  s e c o n d a r y  p o r e  s p a c e s  a n d  i s  
p r e s e n t  o n  q u a r t z  o v e r g r o w t h s  ( F i g s  6 - 4 3  &  6 - 4 4 ) .  T h e  i l l i t e  w a s  i d e n t i f i e d  b y  i t s  
f i b r o u s  m o r p h o l o g y  a n d  E D X  a n a l y s e s ,  w h i c h  y i e l d  t h e  m a j o r  e l e m e n t s  o f  S i ,  A I ,  
a n d  K .  T h e  i d e n t i f i c a t i o n  w a s  f u r t h e r  c o n f i r m e d  b y  X R D  s t u d y .  
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Fig 6-29 (top left) A detrital grain altered to stacked kaolin flakes (see next 
figure for enlargement) and prismatic quartz crystals (see Fig 6-63 on page 194 for 
enlargement). From Campbelltown 2 at drilling depth of 593.0 m (sample Z593.0). 
Fig 6-30 (top right) Stacked kaolin flakes. Enlargement of Fig 6-29. 
Fig 6-31 (upper left) A detrital grain altered to stacked kaolin flakes. From 
Campbelltown 2 at drilling depth of 422.6 m (sample Z422.6). 
Fig 6-32 (upper right) Enlargement of Fig 6-31. The bar is 10 I1m. 
Fig 6-33 (lower left) Stacked kaolin flakes (K) on quartz overgrowths (q) and 
dissolved side rite cement (S). From Cobbitty 3 at drilling depth of 297.7 m (sample 
X297.7). 
Fig 6-34 (lower right) Stacked kaolin flakes (K) enclosed by quartz overgrowths 
(Q). From Campbelltown 5 at drilling depth of 377.5 m (sample Y377.5). 
Fig 6-35 (bottom left) Stacked kaolin flakes with ragged edges. From South 
Colah 1 at drilling depth of 435.2 m (sample 0435.2). 
Fig 6-36 (bottom right) Staked ka!Jlin flakes which are iIIitised at edges. From Oil 
Longley 1 at drilling depth of 320.1 m (sample 1320.1). 
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Fig 6-37 (top left) Staked kaolin flakes which are illitised at edges. From 
Campbelltown 2 at drilling depth of 593.0 m (sample Z593.0). 
Fig 6-38 (top right) Authigenic illite (see Fig 6-39 for enlargement) within an 
altered detrital grain (centre of photograph). From Campbelltown 2 at drilling depth 
of 422.6 m (sample Z422.6). 
Fig 6-39 (upper left) Enlargement of Fig 6-38. I marks iIIite. 
Fig 6-40 (upper right) Authigenic iIIite (I) on prismatic quartz (mega-quartz) 
crystals (q) and ferroan calcite crystal (C). From Campbelltown 2 at drilling depth 
of 593.0 m (sample Z593.0). 
Fig 6-41 (lower left) lIIite lining inter-grain pore spaces. From Wollongong 45 
at drilling depth of 260.8 m (sample A260.8). 
Fig 6-42 (lower right) Enlargement of Fig 6-41. I marks iIIite. 
Fig 6-43 (bottom left) Authigenic illite (see Fig 6-44 for enlargement) on quartz 
overgrowths which enclose dissolved siderite crystals. From Liverpool 91 at 
drilling depth of 469.6 m (sample L469.6). 
Fig 6-44 (bottom right) Enlargement of Fig 6-43. I marks illite, Q quartz 
overgrowths and S siderite. 
,-
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M I X E D - L A Y E R  I L L l T E  I  S M E C T I T E :  I t  w a s  i d e n t i f i e d  b y  t h e  m o r p h o l o g y  - w e l l  
d e v e l o p e d  l a t h - l i k e  p r o j e c t i o n s  w i t h  s h o r t  f i b r o u s  e d g e s  f r o m  t h e  s u b s t r a t e  u n d e r  
t h e  S E M  ( W i l s o n  a n d  P i t t m a n ,  1 9 7 7 ) .  I n  s o m e  c a s e s ,  t h e  i d e n t i f i c a t i o n  w a s  
s u b s t a n t i a t e d  b y  t h e  E D X  a n a l y s e s  y i e l d i n g  a  m i n o r  a m o u n t  o f  F e  i n  a d d i t i o n  t o  t h e  
m a j o r  e l e m e n t s  o f  S i ,  A I  a n d  K .  M i x e d - l a y e r  i I I i t e  I  s m e c t i t e  c o a t s  d e t r i t a l  g r a i n  
s u r f a c e s  ( F i g s  6 - 4 5  t o  6 - 4 8 ,  6 - 4 9 a ,  6 - 5 0 ,  6 - 5 1  &  6 - 4 9 b ) .  T h e  c o a t i n g  l a y e r ,  w h i c h  i s  
c l e a r l y  s e e n  u n d e r  t h e  S E M ,  i s  u s u a l l y  s o  t h i n  t h a t  i t  i s  n o t  e a s i l y  i d e n t i f i e d  w i t h  t h e  
p e t r o l o g i c a l  m i c r o s c o p e .  F o r  s o m e  o f  t h e  i I l i t e  I  s m e c t i t e  c r y s t a l s ,  t h e  E D X  a n a l y s e s  
s h o w  t h a t  t h e y  h a v e  t h e  c o m p o s i t i o n  s i m i l a r  t o  t h a t  o f  i l l i t e .  T h e  e l e m e n t s  F e ,  C a  
a n d  M g ,  w h i c h  s m e c t i t e  g e n e r a l l y  c o n t a i n s ,  w e r e  n o t  d e t e c t e d .  T h i s  c a n  p r o b a b l y  
b e  a t t r i b u t e d  t o  a  v e r y  l o w  p r o p o r t i o n  o f  s m e c t i t e  i n  t h e  m i x e d - l a y e r  i I I i t e  I  s m e c t i t e ,  
w h i c h  i s  i n d i c a t e d  b y  t h e  X R D  a n a l y s e s .  T h e  m i x e d - l a y e r  i I I i t e  I  s m e c t i t e  h a s  a  
b a s a l  s p a c i n g  v a r y i n g  f r o m  1 0 . 4 0  t o  1 1 . 2 0  A .  T h e  v a r i a t i o n  o f  b a s a l  s p a c i n g  i s  
c a u s e d  b y  d i f f e r e n t  p r o p o r t i o n s  o f  i I l i t e  a n d  s m e c t i t e  i n  d i f f e r e n t  s a m p l e s .  R e f e r r i n g  
t o  T a b l e  1  o f  W e a v e r  ( 1 9 5 6 ) ,  i t  i s  k n o w n  t h a t  s m e c t i t e  a c c o u n t s  f o r  2 0  t o  4 0  %  o f  t h e  
m i x e d - l a y e r  i I I i t e  I  s m e c t i t e  i d e n t i f i e d  i n  t h e s e  s a m p l e s .  
C H L O R I T E  { ( M g , A I , F e h 2 [ ( S i , A I ) s 0 2 0 ) J ( O H ) ' 6 } :  I t  w a s  i d e n t i f i e d  b y  i t s  m o r p h o l o g y  
a n d  E D X  a n a l y s e s .  T h e  i d e n t i f i c a t i o n  w a s  f u r t h e r  c o n f i r m e d  b y  X R D  s t u d y .  I t  w a s  
g e n e r a l l y  f o u n d  i n  t h e  l o w e r  N a r r a b e e n  G r o u p  s a n d s t o n e s  f r o m  t h e  e a s t  c o a s t  
z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  ( T a b l e  6 - 1  a n d  A p p e n d i x  V ) .  C h l o r i t e  
c o a t s  d e t r i t a l  g r a i n s  ( F i g s  6 - 5 2  t o  6 - 5 5  &  6 - 4 9 c )  a n d  f i l l s  i n t e r - g r a i n  p o r e  s p a c e s  
( F i g s  6 - 5 6  t o  6 - 5 9  &  6 - 4 9 d )  w i t h  t h e  f o r m e r  b e i n g  m o r e  c o m m o n .  G r a i n  c o a t i n g  
c h l o r i t e s  a r e  u s u a l l y  s m a l l e r  ( a n  i n d i v i d u a l  c r y s t a l  i s  2  t o  3  I l m  a c r o s s ,  m u c h  l e s s  
t h a n  1  I l m  t h i c k ) ,  s u b h e d r a l  t o  e u h e d r a l ,  p s e u d o  h e x a g o n a l  c r y s t a l s .  T h e s e  
i n d i v i d u a l  c r y s t a l s  a r e  o r i e n t e d  o n  e d g e s  a n d  a r e  p e r p e n d i c u l a r  t o  t h e  d e t r i t a l  g r a i n  
s u r f a c e s .  T h e  p o r e  f i l l i n g  c h l o r i t e s  a r e  l a r g e r  ( a n  i n d i v i d u a l  c r y s t a l  i s  5 - 8  I l m  a c r o s s  
a n d  m u c h  l e s s  t h a n  1  I l m  t h i c k ) ,  e u h e d r a l ,  p s e u d o h e x a g o n a l  c r y s t a l s .  T h e  p o r e  
f i l l i n g  c h l o r i t e  i s  s e e n  i n  s o m e  s a m p l e s  t o  f o r m  r o s e t t e s  ( F i g  6 - 6 0 ) .  A l l  t h e  E D X  
a n a l y s e s  o f  a u t h i g e n i c  c h l o r i t e s  i n d i c a t e  m a j o r  p e a k s  o f  S i ,  A I ,  M g ,  a n d  F e .  T h e  
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Fig 6-45 (top left) Grain coating mixed-layer illite I smectite enclosed by 
mega-quartz crystals (q). From Oil Longley 1 at drilling depth of 378.5 m (sample 
1378.5). 
Fig 6-46 (top right) Enlargement of Fig 6-45. The cross point of the two white 
lines is the pOint where EDX analysis was made. Refer to Fig 6-49a for the EDX 
spectrum. I1 S marks illite I smectite. 
Fig 6-47 (upper left) Grain coating mixed-layer iIIite I smectite together with 
early kaolins (generation I). From Cobbitty 3 at drilling depth of 612.9 m (sample 
X612.9). 
Fig 6-48 (upper right) Enlargement of Fig 6-47. K marks kaolin and I I S illite I 
smectite. 
Fig 6-50 (lower left) Mixed-layer illite I smectite coating an altered detrital 
volcanic rock fragment and iIIite lining inter-grain pore spaces. From Wollongong 
45 at drilling depth of 295.6 m (sample A295.6). 
Fig 6-51 (lower right) Enlargement of Fig 6-50. I marks iIIite and lIS mixed-layer 
illite I smectite. The cross point of the two white lines is the point where EDX 
analysis was made. Refer to Fig 6-49b for the EDX spectrum. 
Fig 6-52 (bottom left) Grain coating chlorite enclosed by micro-quartz crystals. 
From Oil Longley 1 at drilling depth of 629.3 m (sample 1629.3). 
Fig 6-53 (bottom right) Enlargement of Fig 6-52. Q marks micro-quartz crystal. 
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Fig 6-54 (top left) Grain coating chlorite. From Strevens Cape Three Points 
at drilling depth of 369.0 m (sample M369.0). 
Fig 6-55 (top right) Enlargement of Fig 6-54. The cross point of the two white 
lines is the point where EDX analysis was made. Refer to Fig 6-49c for the EDX 
spectrum. C marks chlorite. 
Fig 6-56 (upper left) Pore-filling chlorite. Note due to charging some of the 
chlorite flakes are distorted. From Liverpool 91 at drilling depth of 579.2 m (sample 
L579.2). See Fig 5-25 on page 117 for grain coating chlorite in this sample. 
Fig 6-57 (upper right) Enlargement of Fig 6-56. C marks chlorite. 
Fig 6-58 (lower left) Pore-filling chlorite. 0 marks quartz overgrowths. From 
Coal Cliff 13 at drilling depth of 81.1 m (sample C081.1). 
Fig 6-59 (lower right) Enlargement of Fig 6-58. The cross point of the two white 
lines is the point where EDX analysis was made. Refer to Fig 6-49d for the EDX 
spectrum. C marks chlorite. 
Fig 6-60 (bottom left) Pore-filling chlorite (C) in the form of rosettes enclosed by 
authigenic albite crystals (a). From Strevens Cape Three Points at drilling depth of 
492.2 m (sample M492.2). 
Fig 6-61 (bottom right) Very small polyhegonal micro-quartz crystals enclosed by 
coalescing polyhegonal mega-quartz crystals (0). From Campbelltown 5 at drilling 
depth of 377.5 m (sample Y377.5). 
----------
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c h l o r i t e  i s  v e r y  i r o n  r i c h  ( F i g s  6 - 4 9 c  &  6 - 4 9 d ) .  U n d e r  t h e  p e t r o l o g i c a l  m i c r o s c o p e ,  
t h e  c h l o r i t e  c o a t i n g  w a s  s e e n  a s  a  v e r y  t h i n  g r e e n i s h  t o  r e d d i s h  l a y e r .  T h e  r e d d i s h  
c o l o u r  i s  c o n s i d e r e d  t o  b e  c r e a t e d  b y  t h e  o x i d a t i o n  o f  F e  i n  t h e  c h l o r i t e .  
6 . 3 . 4  Q U A R T Z  ( S i 0
2
)  C E M E N T  
T h e  q u a r t z  c e m e n t  c o n s i s t s  o f  t h r e e  t y p e s :  m i c r o - q u a r t z ,  m e g a - q u a r t z  ( c r y s t a l  s i z e  
l a r g e r  t h a n  2 0  I l m ) ,  a n d  q u a r t z  o v e r g r o w t h s .  T h e  m i c r o - q u a r t z  o c c u r s  e i t h e r  a s  v e r y  
s m a l l  e q u a n t  p o l y h e d r a l  c r y s t a l s  w i t h  a  s i z e  o f  l e s s  t h a n  1 0  I l m  o r  a s  p r i s m a t i c  
c r y s t a l s  w h o s e  l e n g t h  i s  g e n e r a l l y  l e s s  t h a n  2 0  I l m .  I t  g r o w s  o n  d e t r i t a l  q u a r t z  
g r a i n s  ( F i g s  6 - 6 1  &  6 - 6 2 ) .  M i c r o - q u a r t z  c r y s t a l s  c a n  c o a l e s c e  t o  f o r m  a  l a r g e r  s i n g l e  
p o l y h e d r a l  c r y s t a l  ( F i g  6 - 6 1 ) .  M e g a - q u a r t z  o c c u r s  i n  t h e  f o r m  o f  p r i s m a t i c  c r y s t a l s .  I t  
f i l l s  i n t e r - g r a i n  p o r e  s p a c e s  ( F i g  6 - 6 3 ) ,  o r  o c c u r s  w i t h i n  a l t e r e d  d e t r i t a l  g r a i n s  ( F i g  
6 - 6 4 ) .  I n  t h e  t h r e e  t h i n  s e c t i o n s  w i t h  a b u n d a n t  q u a r t z  c e m e n t  ( s a m p l e s  B 2 3 4 . 7 ,  
C 1 3 2 . 6 ,  a n d  J 4 7 0 . 1 )  d e s c r i b e d  i n  t h e  l a s t  c h a p t e r ,  t h e  q u a r t z  c e m e n t  i s  m e g a -
q u a r t z  i n  t h e  f o r m  o f  m o s a i c  i n t e r - l o c k i n g  c r y s t a l s .  Q u a r t z  o v e r g r o w t h s  ( F i g s  6 - 3 3 ,  
6 - 3 4  &  6 - 6 2 )  a r e  t h e  m o s t  c o m m o n l y  f o u n d  q u a r t z  c e m e n t .  T h e y  w e r e  f o u n d  i n  a l l  
t h e  s a m p l e s  s t u d i e d  u n d e r  S E M  I  E D X .  
6 . 3 . 5  O T H E R  A U T H I G E N I C  M I N E R A L S  
A L B I T E  ( N a A I S i
3
0
e
) :  A u t h i g e n i c  a l b i t e  w a s  i d e n t i f i e d  b y  i t s  e u h e d r a l  c r y s t a l s  a n d  
E D X  a n a l y s e s ,  w h i c h  y i e l d  t h e  m a j o r  e l e m e n t s  o f  S i ,  A I  a n d  N a .  I t  w a s  f o u n d  t o  b e  
p r e s e n t  i n  f o u r  f o r m s :  ( 1 )  f i l l i n g  i n t e r - g r a i n  p o r e  s p a c e s  ( F i g s  6 - 6 5  &  6 - 6 6 ) ,  ( 2 )  
o c c u r r i n g  w i t h i n  a l t e r e d  d e t r i t a l  g r a i n s  ( F i g s  6 - 6 7 ,  6 - 6 8  &  6 - 6 9 a ) ,  ( 3 )  r e p l a c i n g  
o r i g i n a l  p l a g i o c l a s e  g r a i n s  ( a l b i t i s a t i o n )  ( F i g s  6 - 7 0  &  6 - 7 1 ) ,  a n d  ( 4 )  g r o w i n g  f r o m  
t h e  d e t r i t a l  p l a g i o c l a s e  ( p l a g i o c l a s e  o v e r g r o w t h s )  ( F i g  6 - 7 2 ) .  A u t h i g e n i c  a l b i t e  w a s  
i d e n t i f i e d  i n  t h e  m a j o r i t y  o f  s a m p l e s  c o n t a i n i n g  d e t r i t a l  p l a g i o c l a s e  g r a i n s .  
H A E M A T I T E  ( F e 2 0 3 ) :  I t  w a s  i d e n t i f i e d  b y  S E M  I  E D X  a n a l y s e s  a n d  f o u n d  o n l y  i n  
t w o  s a m p l e s  ( C 0 8 U  a n d  C 1 0 1 . 6 )  f r o m  B o r e h o l e  C  i n  t h e  s o u t h  e a s t  c o a s t  z o n e  
( A p p e n d i x  V ) .  I t  o c c u r s  i n  t h e  f o r m  o f  c o a t i n g s  o n  d e t r i t a l  g r a i n s  a n d  a s  r e p l a c e m e n t  
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Fig 6-62 (top left) Very small prismatic micro-quartz crystals enveloped by 
well developed quartz overgrowths (Q). From Oil Longleyat drilling depth of 543.4 
m (sample 1543.4). 
Fig 6-63 (top right) Prismatic quartz (mega-quartz) crystals (q) filling inter-
grain pore spaces. From Campbelltown 2 at drilling depth of 656.8 m (sample 
Z656.8). 
Fig 6-64 (upper left) Prismatic quartz crystals (q) within an altered detrital grain 
on which authigenic illite (I) occurs. Enlargement of Fig 6-29. From Campbelltown 
2 at drilling depth of 593.0 m (sample Z593.0). 
Fig 6-65 (upper right) Pore-filling authigenic albite crystals. From Liverpool 91 at 
drilling depth of 496.6 m (sample L496.6). 
Fig 6-66 (lower left) Enlargement of Fig 6-65. A marks albite. 
Fig 6-67 (lower right) Authigenic albite crystals within an altered detrital 
plagioclase grain. From Liverpool 91 at drilling depth of 469.6 m (sample L469.6). 
Fig 6-68 (bottom left) Enlargement of Fig 6-67. The cross point of the two white 
lines is the point where EDX analysis was made. Refer to Fig 6-69a for the EDX 
spectrum. A marks albite. 
Fig 6-70 (bottom right) Albitised plagioclase (see Fig 6-71 on page 197 for 
enlargement). From Liverpool 91 at drilling depth of 638.9 m (sample L638.9). 
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o f  d e t r i t a l  l i t h i c s .  I t  w a s  a m o n g  t h e  e a r l i e s t  d i a g e n e t i c  p r o d u c t s .  
P Y R I T E  ( F e S 2 ) :  A u t h i g e n i c  p y r i t e  w a s  i d e n t i f i e d  i n  a  f e w  s a m p l e s  s t u d i e d  
( A p p e n d i x  V ) .  I t  i s  p r e s e n t  i n  t h e  f o r m  o f  f r a m b o i d s  ( F i g s  6 - 7 3  &  6 - 7 4 ) ,  w h i c h  a r e  
s p h e r e s  c o n s i s t i n g  o f  c l o s e l y  p a c k e d  t i n y  ( 1 - 2  I l m  a c r o s s )  c r y s t a l l i t e s .  T h e  E D X  
a n a l y s e s  y i e l d  t h e  m a j o r  e l e m e n t s  o f  F e  a n d  S ,  w h i c h  c o n f i r m s  t h e  i d e n t i f i c a t i o n .  
A P A T I T E  [ C a s ( P 0 4 l a ( O H , F , C I ) ] :  A u t h i g e n i c  a p a t i t e  ( F i g s  6 - 7 5  &  6 - 7 6  &  6 - 6 9 c )  w a s  
i d e n t i f i e d  i n  o n e  o f  t h e  s a m p l e s  ( Z 6 1 1 . 3 )  b y  t h e  c r y s t a l  m o r p h o l o g y  a n d  E D X  
a n a l y s e s  y i e l d i n g  t h e  m a j o r  e l e m e n t s  o f  P  a n d  C a .  
A N A T A S E  ( T i 0
2
) :  A n  a u t h i g e n i c  c r y s t a l  o f  T i 0
2
,  t e n t a t i v e l y  i d e n t i f i e d  b y  S E M  I  E D X  
a n a l y s e s  a s  a n a t a s e  - t h e  l o w  t e m p e r a t u r e  p o l y m o r p h  o f  T i 0
2  
( F i g s  6 - 7 7 ,  6 - 7 8  &  6 -
6 9 d ) ,  w a s  f o u n d  i n  o n e  s a m p l e  ( Z 5 3 1 . 9 ) .  I t  i s  u p  t o  0 . 1  m m  a c r o s s .  I t s  e x a c t  t i m i n g  
o f  f o r m a t i o n  i s  n o t  c l e a r  b u t  i t  i s  c o n s i d e r e d  t o  b e  t h e  e a r l y  p r o d u c t  o f  d i a g e n e s i s  a s  
a  r e s u l t  o f  a l t e r a t i o n  o f  T i - b e a r i n g  m i n e r a l s  s u c h  a s  s p h e n e  a n d  i l m e n i t e .  
A N A L C I M E  [ N a ( A I S i
2
0 S ) ' H
2
0 ] :  A u t h i g e n i c  a n a l c i m e  ( F i g s  6 - 7 9  &  6 - 8 0 )  w a s  
t e n t a t i v e l y  i d e n t i f i e d  i n  o n e  o f  t h e  s a m p l e s  ( Z 7 0 3 . 3 ) .  T h e  i d e n t i f i c a t i o n  w a s  b a s e d  
o n  t h e  c u b o - o c t a h e d r a l  m o r p h o l o g y  o f  t h e  c r y s t a l s  a n d  E D X  a n a l y s e s  y i e l d i n g  t h e  
m a j o r  e l e m e n t s  o f  S i ,  A I  a n d  N a .  
D A W S O N I T E  [ N a A I C 0
3
( O H ) 2 ] :  D a w s o n i t e  i s  n o t  a  w e l l  k n o w n  m i n e r a l .  I t  w a s  f o u n d  
a s  p a t c h e s  o f  f i b r o u s  c r y s t a l s  ( F i g s  6 - 8 1  &  6 - 8 2 )  i n  a  f e w  s a m p l e s  m a i n l y  f r o m  t h e  
b o r e h o l e s  i n  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  ( A p p e n d i x  V ) .  E D X  a n a l y s e s  y i e l d  m a j o r  
e l e m e n t s  o f  N a  a n d  A I .  
6 . 4  P A R A G E N E T I C  S E Q U E N C E  O F  A U T H I G E N I C  M I N E R A L S  
B y  c a r e f u l l y  s t u d y i n g  t h e  t e x t u r a l  r e l a t i o n s h i p s  a m o n g  t h e  a u t h i g e n i c  m i n e r a l s  
a 
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Fig 6-71 (top left) Calcite (C) produced as the by-product of albitization of 
plagioclase. A marks albitised plagioclase. Enlargement of Fig 6-70. The cross 
point of the two white lines is the pOint where EDX analysis was made. Refer to Fig 
6-69b for the EDX spectrum. 
Fig 6-72 (top right) Plagioclase overgrowths (0). From Oil Longley 1 at 
drilling depth of 596.6 m (sample 1596.6). 
Fig 6-73 (upper left) Authigenic pyrite in framboidal form. From Cobbitty 3 at 
drilling depth of 476.2 m (sample X476.2). 
Fig 6-74 (upper right) Enlargement of Fig 6-73. 
Fig 6-75 (lower left) Authigenic apatite. From Campbelltown 2 at drilling depth 
of 611.3 m (sample Z611.3). 
Fig 6-76 (lower right) Enlargement of Fig 6-75. White dot is the point where EDX 
analysis was made. Refer to Fig 6-69c for the EDX spectrum. 
Fig 6-77 (bottom left) Authigenic anatase. From Campbelltown 2 at drilling 
depth of 531.9 m (sample Z531.9). 
Fig 6-78 (bottom right) Enlargement of Fig 6-77. Black dot is the point where EDX 
analysis was made. Refer to Fig 6-69d for the EDX spectrum. 
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Fig 6-79 (top left) Authigenic analcime (see Fig 6-80 for enlargement) 
resulting from alteration of a detrital grain. From Campbelltown 2 at drilling depth 
of 703.3 m (sample Z703.3). 
Fig 6-80 (top right) Enlargement of Fig 6-79. I marks iIIite and a analcime. 
Fig 6-81 (upper left) Authigenic dawsonite lining inter-grain pore spaces. From 
Murrays Run 1 at drilling depth of 751.7 m (sample F751.7). 
Fig 6-82 (upper right) Enlargement of Fig 6-81 and d marks dawsonite. 
Fig 6-84 (lower left) Euhedral side rite crystals enclosing subhedral to 
euhedral calcite crystals. From Weromba 2 at drilling depth of 300.8 m (sample 
W300.8). 
Fig 6-85 (lower right) Enlargement of Fig 6-84. 8 marks side rite and C calcite. 
Fig 6-86 (bottom left) Euhedral siderite crystals (8) enclosing euhedral calcite 
crystals (C). From Weromba 2 at drilling depth of 300.8 m (sample W300.8). 
Fig 6-87 (bottom right) Pore-filling calcite (C) with a rim of iron-bearing clay 
(chlorite ?). The cross point of the two white lines is the point where EDX analysis 
was made. Refer to Fig 6-89b for the EDX spectrum. From Liverpool 91 at drilling 
depth of 579.2 m (sample L579.2). 
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u n d e r  t h e  S E M  I  E D X  a n d  p e t r o l o g i c a l  m i c r o s c o p e ,  a  p a r a g e n e t i c  s e q u e n c e  i s  
e s t a b l i s h e d  a n d  s u m m a r i s e d  i n  F i g  6 - 8 3 .  T h e  c r i t e r i a  u s e d  t o  d e d u c e  t h e  
p a r a g e n e t i c  s e q u e n c e  a r e  m a i n l y  t e x t u r e  c h a r a c t e r i s t i c s .  I t  s h o u l d  b e  m e n t i o n e d  
t h a t  t h e  p a r a g e n e t i c  s e q u e n c e  i s  a  c o m p o u n d  o n e .  I t  i s  u n l i k e l y  t h a t  o n e  s i n g l e  
s a m p l e  c o n t a i n s  a l l  t h e  a u t h i g e n i c  m i n e r a l s  s h o w n  i n  t h e  e n t i r e  p a r a g e n e t i c  
s e q u e n c e .  
G r a i n  c o a t i n g  h a e m a t i t e  a n d  g r a i n  c o a t i n g  m i x e d - l a y e r  i l l i t e  I  s m e c t i t e  ( F i g s  6 - 4 5  t o  
6 - 4 8 )  a n d  c h l o r i t e  ( F i g s  6 - 5 2  t o  6 - 5 5 )  a r e  a m o n g  t h e  e a r l i e s t  p r o d u c t s  0 1  
d i a g e n e s i s  0 1  t h e  s a n d s t o n e s  i n  t h e  N a r r a b e e n  G r o u p .  T h e  e v i d e n c e  l o r  t h i s  
i n t e r p r e t a t i o n  i s  t h a t  t h e y  a r e  t h e  c l o s e s t  t o  t h e  d e t r i t a l  g r a i n s  a n d  a r e  e n c l o s e d  b y  
o t h e r  d i a g e n e t i c  m i n e r a l s  ( F i g s  6 - 4 5  &  6 - 5 2 ) .  H a e m a t i t e ,  a s  v e r y  t h i n  c o a t i n g s  o n  
s o m e  d e t r i t a l  g r a i n s ,  c o u l d  e v e n  b e  f o r m e d  i n  t h e  d e t r i t a l  s o u r c e  a r e a s .  
S o m e  s t a c k e d  k a o l i n  f l a k e s  ( F i g s  6 - 4 7  &  6 - 4 8 ) ,  i . e .  f i r s t  g e n e r a t i o n  o f  k a o l i n ,  c o e x i s t  
w i t h  t h e  e a r l y  g r a i n  c o a t i n g  m i x e d - l a y e r  i l l i t e  I  s m e c t i t e ,  w h i c h  s u g g e s t s  t h a t  t h e s e  
k a o l i n  f l a k e s  a r e  a l s o  a m o n g  t h e  e a r l i e s t  p r o d u c t s  o f  d i a g e n e s i s .  B u t  t h e  g r a i n  
c o a t i n g  i I I i t e  I  s m e c t i t e  a n d  e a r l y  k a o l i n  a r e  n o t  f o u n d  t o g e t h e r  w i t h  t h e  e a r l y  g r a i n  
c o a t i n g  c h l o r i t e .  T h i s  m u t u a l  e x c l u s i o n  s u g g e s t s  t h a t  t h e y  w e r e  f o r m e d  u n d e r  
d i f f e r e n t  p h y s i c o - c h e m i c a l  c o n d i t i o n s .  l l i i t e  I  s m e c t i t e  a n d  k a o l i n  w e r e  p r e c i p i t a t e d  
f r o m  o x y g e n a t e d  a n d  m i l d l y  a c i d i c  p o r e  w a t e r s  w h e r e a s  c h l o r i t e  f r o m  a n o x i c  a n d  
n e u t r a l  t o  m i l d l y  a l k a l i n e  p o r e  w a t e r s .  T h i s  w i l l  b e  d i s c u s s e d  f u r t h e r  i n  l a t e r  
s e c t i o n s .  
C a r b o n a t e  c e m e n t a t i o n  i s  t h e  n e x t  m a j o r  d i a g e n e t i c  e v e n t .  I n  d i f f e r e n t  p a r t s  o f  t h e  
b a s i n ,  d i f f e r e n t  c a r b o n a t e s  a n d  d i f f e r e n t  h a b i t s  o f  t h e  s a m e  c a r b o n a t e  w e r e  
p r e c i p i t a t e d .  I n  a  f e w  q u a r t z - r i c h  s a n d s t o n e s  f r o m  w e s t  m a r g i n  a n d  t h e  w e s t e r n  
p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n  o f  t h e  b a s i n ,  c a r b o n a t e s  w e r e  p r e c i p i t a t e d  a s  n o n -
l e r r o a n  c a l c i t e  a n d  s i d e  r i t e  c r y s t a l s  c o a t i n g  d e t r i t a l  g r a i n s .  T h e  c a l c i t e  w a s  t h e  f i r s t  
p r e c i p i t a t e d .  V e r y  s m a l l  e q u a n t  a n h e d r a l  t o  s u b h e d r a l  c a l c i t e  c r y s t a l s  a r e  e n c l o s e d  
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Generalised paragenetic sequence of the diagenetic minerals 
in the Narrabeen Group sandstones. 
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2 0 1  
b y  s m a l l  e q u a n t  s u b h e d r a l  t o  e u h e d r a l  c a l c i t e  c r y s t a l s  ( F i g  6 - 2 ) .  T h e  s m a l l  s i z e  a n d  
p o o r  c r y s t a l  m o r p h o l o g y  o f  t h e  n o n - f e r r o a n  c a l c i t e  c r y s t a l s  s u g g e s t s  t h a t  t h e y  w e r e  
r a p i d l y  p r e c i p i t a t e d  f r o m  a  s u p e r s a t u r a t e d  p o r e  w a t e r  ( c f .  F o l k ,  1 9 7 4 ) .  T h e  
c o a r s e n i n g  o f  c a l c i t e  c r y s t a l s  t o w a r d  t h e  p o r e  c e n t r e  ( F i g  6 - 2 )  m a y  b e  a  d i s t i n c t i v e  
c h a r a c t e r i s t i c  o f  e a r l y  c e m e n t a t i o n  i n  a  f r e s h w a t e r  ( m e t e o r i c  w a t e r )  p h r e a t i c  
e n v i r o n m e n t  ( L o u c k s ,  1 9 7 7 ) .  F o l l o w i n g  t h e  c a l c i t e  c e m e n t a t i o n ,  s i d e r i t e  
c e m e n t a t i o n  t o o k  p l a c e .  T h i s  i s  s u p p o r t e d  b y  t h e  t e x t u r a l  r e l a t i o n s h i p :  n o n - f e r r o a n  
c a l c i t e  c r y s t a l s  a r e  e n c l o s e d  b y  u n i f o r m  r h o m b o h e d r a l  s i d e  r i t e  c r y s t a l s  ( F i g s  6 - 8 4  
t o  8 6 ) .  
I n  s o m e  l i t h i c - r i c h  s a n d s t o n e s  f r o m  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  
t h e  b a s i n ,  c a l c i t e  c e m e n t s  a n d  r e p l a c e m e n t s  a r e  a b u n d a n t .  C a l c i t e ,  i n c l u d i n g  
c e m e n t  a n d  r e p l a c e m e n t ,  a c c o u n t s  f o r  m o r e  t h a n  1 0  %  o f  t h e  t o t a l  s a n d s t o n e  ( p o i n t  
c o u n t  d a t a ) .  C a l c i t e  c e m e n t  g e n e r a l l y  f i l l s  i n t e r - g r a i n  p o r e  s p a c e s  a s  a n h e d r a l  t o  
e u h e d r a l  c r y s t a l s  a n d  t h e y  e n c l o s e  c o a t i n g  c h l o r i t e  ( ? )  i f  p r e s e n t  ( F i g s  6 - 8 7 ,  6 - 8 8 ,  
6 - 8 9 a  &  6 - 8 9 b ) .  T h e  l a r g e  c r y s t a l  s i z e  o f  t h e  p o r e  f i l l i n g  c a l c i t e  c e m e n t  ( F i g s  6 - 3  &  
6 - 4 )  a n d  t h e  " f l o a t i n g "  a p p e a r a n c e  o f  d e t r i t a l  f r a m e w o r k  g r a i n s  w i t h i n  t h e  c a l c i t e  
c e m e n t  a r e  c o n s i d e r e d  t o  b e  e v i d e n c e  f o r  t h e  e a r l y  f o r m a t i o n  o f  c a l c i t e  i n  t h e s e  
s a n d s t o n e s .  
I n  t h e  m a j o r i t y  o f  s a n d s t o n e s  c o n t a i n i n g  t w o  o r  m o r e  d i f f e r e n t  k i n d s  o f  c a r b o n a t e s ,  
t h e  c l e a r  t e x t u r a l  r e l a t i o n s h i p s  s h o w i n g  t h e  f o r m a t i o n  s e q u e n c e  w e r e  n o t  a l w a y s  
f o u n d .  T h i s  l i m i t e d  t h e  d e t e r m i n a t i o n  o f  t h e  p a r a g e n e t i c  s e q u e n c e  a m o n g  t h e s e  
c a r b o n a t e s .  H o w e v e r ,  s o m e  c l e a r  t e x t u r e  r e l a t i o n s h i p s  h a v e  b e e n  f o u n d  i n  a  f e w  
s a n d s t o n e s .  I n  o n e  o f  t h e  s a n d s t o n e s  s t u d i e d  ( s a m p l e  X 5 3 1 . 9 ) ,  u n i f o r m ,  
r h o m b o h e d r a l  s i d e  r i t e  c r y s t a l s  a r e  e n c l o s e d  b y  a  l a r g e  e u h e d r a l  a n k e r i t e  c r y s t a l  
( F i g s  6 - 1 0  &  6 - 1 1 ) .  T h i s  t e x t u r a l  r e l a t i o n s h i p  w a s  t a k e n  a s  e v i d e n c e  f o r  t h e  l a t e  
f o r m a t i o n  o f  a n k e r i t e .  I n  a n o t h e r  s a m p l e  1 4 3 7 . 4 ,  t h e  e u h e d r a l  C a ,  M g - r i c h  s i d e  r i t e  i s  
e n c l o s e d  b y  t h e  a n h e d r a l  F e  c a l c i t e  ( F i g s  6 - 9 0 ,  6 - 8 9 c  &  6 - 8 9 d ) ,  w h i c h  s u g g e s t s  
t h a t  t h e  F e  c a l c i t e  i s  l a t e r .  
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Fig 6-88 (top left) Enlargement of Fig 6-87. The cross point of the two white 
lines is the point where EDX analysis was made. Refer to Fig 6-89a for the EDX 
spectrum. Ch marks possible chlorite. 
Fig 6-90 (top right) Euhedral Ca Mg side rite (S) enclosed by anhedral Fe 
calcite (Fe C). The cross point of the two white lines and the black dot are the 
points where EDX analyses were made. Refer to Figs 6-89c and 6-89d for the EDX 
spectrum. From Oil Longley 1 at drilling depth of 437.4 m (sample 1437.4). 
Fig 6-91 (upper left) Secondary mould pore space (P). From Weromba 2 at 
drilling depth of 300.8 m (sample W300.8). 
Fig 6-92 (upper right) Dissolved detrital potassium feldspar grain. From Oil 
Longley 1 at drilling depth of 320.1 m (sample 1320.1). 
Fig 6-93 (lower left) Dissolved detrital plagioclase grain. From Murrays Run 1 
at drilling depth of 113.9 m (sample F113.9). 
Fig 6-94 (lower right) Post quartz overgrowth calcite. From Oil Longley at drilling 
depth of 781.5 m (sample 1781.5). 
Fig 6-95 (bottom left) Enlargement of Fig 6-94. The cross point of the two white 
lines is the point where EDX analysis was made. Refer to Fig 6-96a for the EDX 
spectrum. Q marks quartz overgrowth and C calcite. 
Fig 6-97 (bottom right) Post quartz overgrowth (Q) ankerite (A). The cross point of 
the two white lines is the point where EDX analysis was made. Refer to Fig 6-96b. 
From Coal Cliff 17 at drilling depth of 151.7 m (sample 8151.7). 
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I n  s u m m a r y ,  a m o n g  t h e s e  d i a g e n e t i c  c a r b o n a t e s ,  g r a i n  c o a t i n g  n o n - f e r r o a n  c a l c i t e  
w a s  t h e  e a r l i e s t  f o r m e d  c a r b o n a t e ,  w h i c h  w a s  f o l l o w e d  b y  g r a i n  c o a t i n g  s i d e r i t e ,  
p o r e - f i l l i n g  c a l c i t e ,  p o r e - f i l l i n g  s i d e r i t e ,  a n d  f i n a l l y  p o r e - f i l l i n g  f e r r o a n  c a l c i t e  a n d  
a n k e r i t e  ( F i g  6 - 8 3 ) .  B e c a u s e  o f  t h e  r a r e  o c c u r r e n c e  o f  d o l o m i t e ,  n o  c l e a r  t e x t u r a l  
r e l a t i o n s h i p  w i t h  o t h e r  k i n d s  o f  c a r b o n a t e s  h a s  b e e n  f o u n d .  
T h e  m a j o r  c a r b o n a t e  c e m e n t a t i o n  e p i s o d e  w a s  f o l l o w e d  b y  d i s s o l u t i o n  p r o c e s s e s  
a n d  t h e  e x t e n s i v e  a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  g r a i n s .  T h e  t e x t u r a l  e v i d e n c e  
i n c l u d e s  t h e  f o l l o w i n g :  1 )  t h e  s e c o n d a r y  m o u l d  p o r e  s p a c e  ( F i g  6 - 9 1 ) ,  2 )  t h e  
p r e s e n c e  o f  d i s s o l v e d  s i d e  r i t e  ( F i g  6 - 3 3 ) ,  f e r r o a n  c a l c i t e  ( F i g  6 - 6 ) ,  a n d  a n k e r i t e  ( F i g  
6 - 2 8 )  a s  w e l l  a s  d i s s o l v e d  d e t r i t a l  p o t a s s i u m  f e l d s p a r  ( F i g  6 - 9 2 )  a n d  p l a g i o c l a s e  
( F i g  6 - 9 3 )  g r a i n s ,  a n d  3 )  t h e  a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  p a r t i c l e s  i n t o  k a o l i n  /  
q u a r t z  ( F i g s  6 - 2 9  &  6 - 3 1 )  o r  i I I i t e  /  q u a r t z  ( F i g  6 - 3 8 ) .  
D u r i n g  t h e  m a j o r  d i s s o l u t i o n  /  a l t e r a t i o n  p r o c e s s e s ,  a  r e l a t i v e l y  l a r g e  a m o u n t  o f  
k a o l i n  ( s e c o n d  g e n e r a t i o n )  a s  w e l l  a s  a  m i n o r  a m o u n t  o f  p o r e  l i n i n g  a n d  b r i d g i n g  
i l l i t e  f o r m e d .  E v i d e n c e  f o r  t h i s  i s  t h e  p r e s e n c e  o f  k a o l i n  a n d  i I I i t e  o n  c a r b o n a t e  
c r y s t a l s  ( F i g s  6 - 3 3  &  6 - 4 0 )  a n d  f i l l i n g  o f  s e c o n d a r y  p o r e  s p a c e s  b y  k a o l i n  ( F i g  6 - 2 8 )  
a n d  i I I i t e  ( F i g  6 - 9 1 ) .  P r i s m a t i c  q u a r t z  ( m e g a - q u a r t z )  c r y s t a l s  ( F i g s  6 - 2 9  &  6 - 6 4 ) ,  
w h i c h  o c c u r  w i t h  s t a c k e d  k a o l i n  f l a k e s  w i t h i n  a l t e r e d  d e t r i t a l  g r a i n s ,  w e r e  a l s o  
f o r m e d  d u r i n g  t h e  a l t e r a t i o n  p r o c e s s .  S E M  /  E D X  s t u d i e s  s h o w  t h a t  i I I i t e  /  p r i s m a t i c  
q u a r t z  c r y s t a l s  o r  k a o l i n  /  p r i s m a t i c  q u a r t z  c r y s t a l s  t a k e  t h e  o r i g i n a l  o u t l i n e  o f  
a l t e r e d  d e t r i t a l  g r a i n s  ( F i g s  6 - 2 9  &  6 - 3 8 ) .  T h i s  f e a t u r e  i s  t a k e n  a s  e v i d e n c e  w h i c h  
s u p p o r t s  t h e  c o n c l u s i o n  t h a t  t h e  a l t e r a t i o n  h a p p e n e d  a f t e r  t h e  m a j o r  c a r b o n a t e  
c e m e n t a t i o n .  O t h e r w i s e  t h e  a l t e r e d ,  e a s i l y  c o m p a c t e d  d e t r i t a l  g r a i n s  w o u l d  s h o w  
o b v i o u s  c o m p a c t i o n  f e a t u r e s .  
P r e c i p i t a t i o n  o f  k a o l i n  c o n t i n u e d  u n t i l ,  a n d  i n  s o m e  s a n d s t o n e s  p r o b a b l y  a f t e r ,  
p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s ,  w h i c h  i s  t h e  n e x t  m a j o r  d i a g e n e t i c  e v e n t .  T h e  
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textural evidence for this interpretation is the intergrowth of kaolin with quartz 
overgrowths and the existence of kaolin on the smooth surface of well developed 
quartz overgrowths (Figs 6-26 & 6-33). The textural evidence for the late formation 
of quartz overgrowths includes: 1) quartz overgrowths enclose the stacked kaolin 
flakes (Fig 6-34), 2) they engulf euhedral carbonate crystals (Figs 6-6, 6-12 & 6-
19), and 3) the detrital quartz grains coated by carbonate crystals rarely have 
quartz overgrowths. In addition, the high average homogenisation temperature of 
95-120ac of aqueous fluid inclusions within quartz overgrowths is another 
evidence for late formation of quartz overgrowths, which will be discussed in the 
next chapter. 
Authigenic iIIite formed after quartz overgrowths. It occurs on the well-developed 
surfaces of quartz overgrowths (Figs 6-43 & 6-44) and bridges inter-grain pore 
spaces with a filamentous morphology. 
Following quartz overgrowths, carbonate cementation again took place. The 
carbonate occurs as pore filling non-ferroan calcite (Figs 6-94, 6-95 & 6-96a) or 
ankerite (Figs 6-97, 6-98, 6-96b & 6-96c). They fill inter-grain pore spaces which 
were not fully occupied by quartz overgrowths. They are the last diagenetic phase 
in the Narrabeen Group sandstones. 
Authigenic albite and albitisation of plagioclase are considered to be related to the 
major dissolution / alteration processes. The timing relative to other diagenetic 
minerals is still to be determined. Dawsonite is another late diagenetic mineral. Its 
exact position in the generalised paragenetic sequence is not known 
Finally there are other authigenic minerals to be considered: pyrite, apatite, 
anatase, and analcime. Since no clear textural relationships relating them with 
other authigenic minerals have been found, their position in the diagenetic 
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s e q u e n c e  i s  u n c e r t a i n .  T h e  a u t h i g e n i c  p y r i t e  i s  a n  e a r l y  p r o d u c t  o f  d i a g e n e s i s  a n d  
f o r m e d  i n  t h e  b a c t e r i a l  s u l p h a t e  r e d u c t i o n  z o n e .  T h e  f o r m a t i o n  o f  a n a l c i m e  i s  
p r o b a b l y  r e l a t e d  t o  t h e  a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s .  I t  m a y  b e  f o r m e d  
d u r i n g  t h e  e x t e n s i v e  a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  g r a i n s  a n d  t h e  f o r m a t i o n ·  
p o s t d a t e d  t h e  m a j o r  c a r b o n a t e  c e m e n t a t i o n .  
6 . 5  D I S C U S S I O N  O F  D I A G E N E S I S  O F  T H E  N A R R A B E E N  G R O U P  
S A N D S T O N E S  
T h e  d i a g e n e s i s  o f  s a n d s t o n e s  o f  t h e  N a r r a b e e n  G r o u p  c a n  b e  d i v i d e d  i n t o  t w o  
b r o a d  s t a g e s :  e a r l y  a n d  l a t e  d i a g e n e s i s .  T h e  f o r m e r  e n d e d  w i t h  t h e  m a j o r  
c a r b o n a t e  c e m e n t a t i o n .  T h e  l a t t e r  b e g a n  w i t h  t h e  m a j o r  d i s s o l u t i o n  I  a l t e r a t i o n .  T h e  
e a r l y  d i a g e n e s i s  i n c l u d e s  t w o  p h a s e s .  P h a s e  I  r e f e r s  t o  t h e  e a r l y  m i n o r  d i s s o l u t i o n  
I  a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  p a r t i c l e s  ( v o l c a n i c  r o c k  f r a g m e n t s ,  f e l d s p a r  a n d  
m i c a ) ,  w h i c h  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  g r a i n  c o a t i n g  m i x e d - l a y e r  i I I i t e  I  s m e c t i t e ,  
e a r l y  k a o l i n  ( g e n e r a t i o n  I )  a n d  c h l o r i t e .  P h a s e  1 1  i s  c h a r a c t e r i s e d  b y  t h e  m a j o r  
c a r b o n a t e  c e m e n t a t i o n .  T h e  l a t e  d i a g e n e s i s  c o n s i s t s  o f  t h r e e  p h a s e s :  I l l ,  I V  a n d  V .  
P h a s e  I I I  r e f e r s  t o  t h e  m a j o r  d i s s o l u t i o n  I  a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  p a r t i c l e s ,  
w h i c h  l e d  t o  t h e  f o r m a t i o n  o f  a  l a r g e  ( r e l a t i v e  t o  g e n e r a t i o n  I )  a m o u n t  o f  k a o l i n  
( g e n e r a t i o n  1 1 )  a s  w e l l  a s  p r i s m a t i c  q u a r t z  ( m e g a - q u a r t z )  c r y s t a l s  a n d  a  m i n o r  
a m o u n t  o f  i I I i t e  ( r e l a t i v e  t o  p o s t  q u a r t z  o v e r g r o w t h  f i l a m e n t o u s  i I I i t e ) .  P h a s e  I V  i s  
r e p r e s e n t e d  b y  t h e  d e v e l o p m e n t  o f  q u a r t z  o v e r g r o w t h s  a n d  t h e  f o r m a t i o n  o f  p o s t -
q u a r t z  o v e r g r o w t h  f i l a m e n t o u s  i I I i t e .  T h e  f o r m a t i o n  o f  a  m i n o r  a m o u n t  o f  p o s t  q u a r t z  
o v e r g r o w t h  p o r e  f i l l i n g  c a l c i t e  a n d  a n k e r i t e  c o m p r i s e  t h e  l a s t  p h a s e  o f  d i a g e n e s i s .  
T h e  f i v e  p h a s e s  o f  d i a g e n e s i s  a r e  n o t  f o u n d  i n  a l l  t h e  s a m p l e s  s t u d i e d .  I n  t h e  
s a n d s t o n e s  c e m e n t e d  b y  a b u n d a n t  c a r b o n a t e  ( F i g s  6 - 3 , 6 - 4 , 6 - 8 , 6 - 1 3  &  6 - 1 4 )  i n  
t h e  l o w e r  N a r r a b e e n  G r o u p  f r o m  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  
b a s i n ,  o n l y  t h e  e a r l y  d i a g e n e s i s  c a n  b e  r e c o g n i s e d .  O t h e r  s a n d s t o n e s  g e n e r a l l y  
e x p e r i e n c e d  t h e  e a r l y  s t a g e  o f  d i a g e n e s i s  a n d  t h e  p h a s e s  I I I  a n d  I V  o f  t h e  l a t e  
s t a g e  o f  d i a g e n e s i s .  T h e  l a s t  d i a g e n e t i c  p h a s e  ( p h a s e  V )  i s  f o u n d  o n l y  i n  t w o  
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sandstones (samples B151.7 and L422.3) in the east coast zone and one 
sandstone (sample 1781.5) in the northern region of the basin. 
6.5.1 EARLY STAGE OF DIAGENESIS 
(i) Phase I: Formation of Early Clays 
Diagenesis begins at the moment of deposition of sediments. Immediately after 
sediment deposition, pore water will react with the deposited sediment if they are 
not in equilibrium. These reactions will lead to the dissolution / alteration of 
unstable detrital grains and precipitation of authigenic minerals. If the pore water 
migrates, a large amount of authigenic minerals may be formed. 
The initial diagenetic modifications of sediments are promoted by bacterial 
processes. Curtis (1978) suggested that aerobic bacterial bicarbonate production 
decreases pH (increase the activity of hydrogen ion) and facilitates the dissolution 
of amorphous and relatively unstable detrital alluminosilicate minerals. The 
diagenesis of the Narrabeen Group sandstones began with the early minor 
dissolution I alteration of the unstable detrital minerals, which are composed 
mainly of volcanic rock fragments and a minor amount of feldspar and mica 
fragments. They released various cations to pore water. Depending on the 
availability of cations and physico-chemical conditions of pore waters, different clay 
minerals formed. 
Under oxygenated and mildly acidic conditions, kaolin and mixed-layer iIIite I 
smectite were precipitated from oversaturated pore water in sandstones. However, 
during the early diagenesis only a minor amount of kaOlin was formed, which was 
probably attributed to the lack of AI3+ in pore waters. The early grain coating iIIite I 
smectite was probably formed by mechanical infiltration of colloidal clay-rich 
waters through the vadose zone (Galloway, 1974; Burns and Ethridge, 1979). In 
addition to direct precipitation from pore waters, kaolin and mixed-layer illite I 
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s m e c t i t e  c o u l d  a l s o  b e  f o r m e d  a s  a  r e s u l t  o f  e a r l y  a l t e r a t i o n s  o f  t h e  u n s t a b l e  d e t r i t a l  
g r a i n s .  T h e i r  p r e s e n c e  a t  t h e  e d g e s  o f  a l t e r e d  d e t r i t a l  g r a i n s  s u p p o r t s  s u c h  a n  
i n t e r p r e t a t i o n .  
U n d e r  a n o x i c  a n d  m i l d l y  a l k a l i n e  c o n d i t i o n s ,  c h l o r i t e  f o r m e d .  C h l o r i t e  f i l l s  i n t e r -
g r a i n  p o r e  s p a c e s  a n d  c o a t  d e t r i t a l  g r a i n s .  C h l o r i t e  c o a t i n g s  a r e  p r e s e n t  o n  v a r i o u s  
d e t r i t a l  g r a i n s  i n c l u d i n g  d e t r i t a l  q u a r t z ,  f e l d s p a r  a n d  r o c k  f r a g m e n t s  ( i n c l u d i n g  
c h e r t )  ( s e e  F i g  5 - 2 5 ) .  T h i s  i n d i c a t e s  t h a t  m i n e r a l o g y  o f  t h e  c o a t e d  d e t r i t a l  
f r a m e w o r k  g r a i n s  a p p a r e n t l y  d o e s  n o t  c o n t r o l  t h e  d i s t r i b u t i o n  o f  c h l o r i t e  c o a t i n g s .  
S i m i l a r  g r a i n  c o a t i n g  c h l o r i t e s  h a v e  b e e n  r e p o r t e d  a s  e a r l y  d i a g e n e t i c  1 e a t u r e s  i n  
n u m e r o u s  s t u d i e s  i n  d i f f e r e n t  g e o l o g i c a l  s e t t i n g s .  D u t t o n  a n d  L a n d  ( 1 9 8 5 ) ,  
K a n t o r o w i c z  ( 1 9 8 5 ) ,  D u t t a  a n d  S u t n e r  ( 1 9 8 6 ) ,  L o n g s t a f f e  ( 1 9 8 6 ) ,  L o n g s t a f f e  a n d  
A y a l o n  ( 1 9 8 7 ) ,  A y a l o n  a n d  L o n g s t a f f e  ( 1 9 8 8 )  a n d  G i r a r d  e t  a l .  ( 1 9 8 9 )  a r e  a m o n g  
t h e  m o s t  r e c e n t  s t u d i e s .  
T h e  p o r e  f i l l i n g  c h l o r i t e  d i f f e r s  f r o m  t h e  c o a t i n g  c h l o r i t e  o n l y  i n  t h e  c r y s t a l  s i z e  a n d  
e u h e d r a l i t y .  T h e  t w o  d i f f e r e n t  f o r m s  o f  c h l o r i t e s  w e r e  p r o b a b l y  f o r m e d  a t  r o u g h l y  
t h e  s a m e  t i m e .  T h e y  g e n e r a l l y  d o  n o t  o c c u r  t o g e t h e r  i n  t h e  s a m e  s a m p l e ,  w h i c h  
p r o b a b l y  i m p l i e s  t h a t  a u t h i g e n i c  c h l o r i t e s  h a d  t a k e n  d i f f e r e n t  f o r m s  i n  d i f f e r e n t  
s a n d s t o n e s  d u e  t o  d i f f e r e n t  p h y s i c o - c h e m i c a l  c o n d i t i o n s .  G r a i n  c o a t i n g  c h l o r i t e s  
w e r e  r a p i d l y  p r e c i p i t a t e d  f r o m  a  s u p e r s a t u r a t e d  p o r e  w a t e r .  I n  c o n t r a s t ,  p o r e  f i l l i n g  
c h l o r i t e s  w e r e  p r e c i p i t a t e d  f r o m  a  d i l u t e  p o r e  w a t e r  a t  a  s l o w e r  r a t e  s o  t h a t  t h e y  a r e  
l a r g e r  a n d  m o r e  e u h e d r a l  t h a n  c o a t i n g  c h l o r i t e s .  
C h l o r i t e  c o a t i n g s  a n d  p o r e  f i l l i n g s  a p p e a r  t o  f o r m  b y  d i r e c t  p r e c i p i t a t i o n  f r o m  p o r e  
w a t e r s .  B u t  f o r  s o m e  c h l o r i t e s  w h i c h  a r e  a s s o c i a t e d  w i t h  a l t e r e d  d e t r i t a l  g r a i n s  
( d e t r i t a l  v o l c a n i c  r o c k  f r a g m e n t s  a n d  f e l d s p a r )  ( F i g  6 - 9 9 ) ,  t h e y  a r e  m o s t  l i k e l y  t o  b e  
c r e a t e d  b y  a l t e r a t i o n  o f  t h e s e  g r a i n s .  I o n s  n e c e s s a r y  f o r  t h e  f o r m a t i o n  o f  c h l o r i t e  
c o m e  f r o m  a l t e r a t i o n  o f  u n s t a b l e  v o l c a n i c  r o c k  f r a g m e n t s  ( L a n d  a n d  D u t t o n ,  1 9 7 8 ;  
D a v i e s  e t  a I . ,  1 9 7 9 ) .  A l t e r a t i o n  o f  f e r r o m a g n e s i u m  a l u m i n o - s i l i c a t e s  i s  f a c i l i t a t e d  
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Fig 6-98 (top left) Post quartz overgrowth (Q) ankerite (A). The cross pOint of 
the two white lines is the point where EDX analysis was made. Refer to Fig 6-96c 
for the EDX spectrum. From Liverpool 91 at drilling depth of 422.3 m (sample 
L422.3). 
Fig 6-99 (top right) Authigenic chlorite at the margin of an altered detrital 
feldspar grain. From Jilliby CK 1 at drilling depth of 128.0 m (sample D128.0). 
Fig 6-101 (upper left) Kaolinization of mica. The cross point of the two white 
lines is the point where EDX analysis was made. Refer to Fig 6-96d for the EDX 
spectrum. K marks kaolin. From Oil Longley 1 at drilling depth of 629.3 m (sample 
1629.3). 
Fig 6-102 (upper right) Stacked kaolin flakes (K) resulting from extensive 
dissolution / alteration of a detrital volcanic clast. From Jilliby CK 1 at drilling depth 
of 102.5 m (sample D102.5). 
Fig 6-103 (lower left) Prismatic quartz crystals coalescing to form submature 
quartz overgrowths (Q). From Cobbitty 3 at drilling depth of 612.9 m (sample 
X612.9). 
Fig 6-104 (lower right) Enlargement of Fig 6-103. 
Fig 6-105 (bottom left) Prismatic quartz crystals coalescing and enveloping to 
form quartz overgrowths (Q). From Oil Longley 1 at drilling depth of 543.4 m 
(sample 1543.4). 
Fig 6-106 (bottom right) Well developed quartz overgrowths enveloping micro-
quartz crystals, which are in turn enveloped by later quartz overgrowths. From St 
Albans 1 at drilling depth of 419.7 m (sample H419.7). 
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u n d e r  r e d u c i n g ,  a l k a l i n e  c o n d i t i o n s  ( I m a m  a n d  S h a w ,  1 9 8 5 ) .  T h e  a d j a c e n t  s h a l e s  
m a y  a l s o  h a v e  b e e n  t h e  i o n  s o u r c e  f o r  c h l o r i t e ,  a s  s u g g e s t e d  b y  M o n c u r e  e t  a l .  
( 1 9 8 4 )  i n  t h e  F r i o  F o r m a t i o n  s a n d s t o n e s .  
I n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  a u t h i g e n i c  c h l o r i t e  w a s  n o t  f o u n d  t o g e t h e r  
w i t h  e a r l y  k a o l i n  a n d  m i x e d - l a y e r  i l l i t e  /  s m e c t i t e .  I t  i s  p r e s e n t  i n  s a n d s t o n e s  r i c h  i n  
v o l c a n i c  r o c k  f r a g m e n t s  i n  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  
n o r t h e r n  r e g i o n .  T h e  c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  c h l o r i t e  i s  c o n s i d e r e d  t o  b e  
d e t e r m i n e d  b y  t w o  f a c t o r s :  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  a n d  p h y s i c o -
c h e m i c a l  c o n d i t i o n s  o f  p o r e  w a t e r s .  S a n d s t o n e s  c o n t a i n i n g  a u t h i g e n i c  c h l o r i t e  
g e n e r a l l y  h a v e  a  s i g n i f i c a n t  a m o u n t  o f  d e t r i t a l  v o l c a n i c  r o c k  f r a g m e n t s  ( F i g  6 - 1 0 0 ) .  
A l t e r a t i o n  o f  s u c h  r o c k  f r a g m e n t s  c o u l d  h a v e  p r o v i d e d  t h e  n e c e s s a r y  i o n s  f o r  t h e  
f o r m a t i o n  o f  c h l o r i t e .  A  s t r o n g  r e l a t i o n s h i p  b e t w e e n  t h e  o c c u r r e n c e  o f  a u t h i g e n i c  
c h l o r i t e  a n d  v o l c a n i c  r o c k  f r a g m e n t s  h a s  b e e n  d e m o n s t r a t e d  i n  m a n y  p r e v i o u s  
s t u d i e s  ( e . g .  C a r r i g y  a n d  M e l l o n ,  1 9 6 4 ;  B r e n c h l e y ,  1 9 6 9 ;  S u r d a m  a n d  B o l e s ,  1 9 7 9 ;  
S m o s n a ,  1 9 8 8 ) .  
D u r i n g  t h e  i n i t i a l  d i a g e n e s i s  o f  N a r r a b e e n  G r o u p  s e d i m e n t s ,  f r e s h  w a t e r  r e c h a r g e  
w a s  p r o b a b l y  f r o m  t h e  s o u t h w e s t .  I n  t h e  w e s t  m a r g i n ,  s o u t h e r n  r e g i o n  a n d  t h e  
s o u t h w e s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  c l o s e  t o  t h e  f r e s h  w a t e r  
r e c h a r g e ,  o x y g e n a t e d  a n d  a c i d i c  c o n d i t i o n s  o f  p o r e  w a t e r s  w e r e  m a i n t a i n e d  s o  
t h a t  k a o l i n  a n d  m i x e d - l a y e r  i l l i t e  /  s m e c t i t e  c o u l d  h a v e  f o r m e d .  A w a y  f r o m  t h e  f r e s h  
w a t e r  r e c h a r g e  i n  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  
r e g i o n  o f  t h e  b a s i n ,  p o r e  w a t e r s  c o u l d  b e c o m e  a l k a l i n e  a n d  a n o x i c  d u e  t o  b a c t e r i a l  
p r o c e s s e s  w h i c h  p r o g r e s s i v e l y  r e m o v e d  a l l  o x y g e n  a n d  r a i s e d  p H .  A s  a  r e S U l t ,  
c h l o r i t e  h a d  f o r m e d .  A  s i m i l a r  r e a s o n i n g  w a s  u s e d  b y  K a n t o r o w i c z  ( 1 9 8 5 )  t o  
e x p l a i n  t h e  m u t u a l l y  e x c l u s i v e  d i s t r i b u t i o n  o f  k a o l i n i t e  a n d  c h l o r i t e .  
A f t e r  t h e  e a r l i e s t  d i a g e n e t i c  m i n e r a l s ,  t h e  p h y s i c o - c h e m i c a l  c o n d i t i o n s  o f  p o r e  
w a t e r s  c h a n g e d  a n d  t h e  p o r e  w a t e r s  i n  t h e  s a n d s t o n e s  i n  t h e  w h o l e  b a s i n  b e c a m e  
a J A R T Z  
,  p l u s  L ,  
d i a m o n d  
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F E L D S P A R  L l T H I C S  
F i g  6 - 1 0 0  C o m p o s i t i o n s  o f  1 6  s a n d s t o n e s  c o n t a i n i n g  a u t h i g e n i c  
c h l o r i t e s  f r o m  6  b o r e  h o l e s .  
a l k a l i n e .  I n  s u c h  c o n d i t i o n s  c a r b o n a t e s  w e r e  a b l e  t o  p r e c i p i t a t e .  
( i i )  P h a s e  1 1  C a r b o n a t e  C e m e n t a t i o n  
F o n m a t i o n  o f  c a l c i t e  
2 1 3  
N o n - f e r r o a n  c a l c i t e  w a s  t h e  f i r s t  c a r b o n a t e  p r e c i p i t a t e d  f r o m  p o r e  w a t e r s .  I t s  
f o r m a t i o n  i s  c o n s i d e r e d  t o  b e  d e t e r m i n e d  b y  t h e  r e l a t i v e  a b u n d a n c e  o f  F e 2 +  a n d  
C a
2
+  i n  p o r e  w a t e r s  o f  s a n d s t o n e s  ( B e r n e r ,  1 9 7 1 ;  M a t s u m o t o  a n d  I i j i m a ,  1 9 8 1 ;  
K a i s e r ,  1 9 8 4 ;  C u r t i s  e t  a i . ,  1 9 8 6 ) .  C a l c i t e  w a s  f o r m e d  i n  t h e  e n v i r o n m e n t  w h e r e  
F e
2
+  w a s  a l m o s t  a b s e n t .  
F o r  c a l c i t e  a n d  s i d e r i t e ,  B e r n e r  ( 1 9 7 1 )  e s t a b l i s h e d  t h e  f o l l o w i n g  r e a c t i o n :  
F e C 0
3  
+  C a  2 + a q  =  C a C 0
3  
+  F e
2
+ a q  ( 1 )  
s i d e r i t e  
c a l c i t e  
K  =  0 . 0 5  =  a F e 2 + / a C a
2
+  
H e  i n d i c a t e d  t h a t  c a l c i t e  w a s  n o t  s t a b l e  i n  t h e  p o r e  w a t e r  w h e r e  t h e  c o n c e n t r a t i o n  
o f  F e
2
+  w a s  g r e a t e r  t h a n  5  p e r c e n t  o f  t h a t  o f  C a
2
+ .  
K a i s e r  ( 1 9 8 4 )  p r o p o s e d  t h e  f o l l o w i n g  r e a c t i o n  r e g a r d i n g  c a l c i t e  a n d  f e r r o a n  c a l c i t e .  
C a C 0
3  
+  0 . 0 5  F e
2
+  =  C a . 9 S F e , O s C 0 3  +  0 . 0 5 C a
2
+  ( 2 )  
c a l c i t e  
f e r r o a n  c a l c i t e  
H e  c o n c l u d e d  t h a t  t h e  v i r t u a l  a b s e n c e  o f  F e
2
+  w a s  r e q u i r e d  t o  f o r m  n o n - f e r r o a n  
c a l c i t e .  
I n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  t h e  v i r t u a l  a b s e n c e  o f  F e
2
+  i n  p o r e  w a t e r s  f o r  
t h e  f o r m a t i o n  o f  c a l c i t e  w a s  a c h i e v e d  p r o b a b l y  i n  t w o  w a y s ,  w h i c h  a r e  s h o w n  b y  
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t h e  c a l c i t e  i n  t h e  s a n d s t o n e s  f r o m  t h e  w e s t  m a r g i n  o f  t h e  b a s i n  a n d  i n  t h e  
s a n d s t o n e s  f r o m  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n .  
I n  s a m p l e s  W 3 0 0 . 8  a n d  W 3 1 0 A  f r o m  t h e  w e s t  m a r g i n ,  c a l c i t e  c o a t s  d e t r i t a l  g r a i n s  
a s  v e r y  s m a l l  ( 2 - 6  I 1 m )  e q u a n t  a n h e d r a l  t o  s u b h e d r a l  c r y s t a l s  a n d  s m a l l  ( 1 0 - 2 0  I 1 m )  
e q u a n t  e u h e d r a l  c r y s t a l s .  T h e  c a l c i t e  c r y s t a l s  p r e d a t e  c o e x i s t i n g  s i d e  r i t e  c r y s t a l s .  
A s  i n d i c a t e d  b e f o r e  t h e y  w e r e  f o r m e d  i n  a  f r e s h  w a t e r  p h r e a t i c  z o n e  w h e r e  c a l c i t e  
m u s t  h a v e  b e e n  p r e c i p i t a t e d  i n  a n  o x i d i s i n g  e n v i r o n m e n t  i n  o r d e r  t o  s a t i s f y  t h e  
c o n d i t i o n  f o r  t h e  v i r t u a l  a b s e n c e  o f  F e
2
+ .  
I n  t h e  s a n d s t o n e s  f r o m  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n ,  
c a l c i t e  i s  p r e s e n t  a s  p o r e  f i l l i n g  c e m e n t s .  I t  g e n e r a l l y  d o e s  n o t  c o e x i s t  w i t h  o t h e r  
c a r b o n a t e s .  I n  t h e s e  s a n d s t o n e s  c h l o r i t e  i s  g e n e r a l l y  p r e s e n t  a s  t h e  e a r l i e s t  f o r m e d  
a u t h i g e n i c  m i n e r a l  ( F i g s  6 - 8 7 ,  6 - 8 8 ,  6 - 8 9 a  &  6 - 8 9 b ) .  I t s  f o r m a t i o n  m u s t  h a v e  g r e a t l y  
r e d u c e d  t h e  F e
2
+  c o n c e n t r a t i o n  i n  p o r e  w a t e r s  s o  t h a t  n o n - f e r r o a n  c a l c i t e  c o u l d  b e  
p r e c i p i t a t e d  f r o m  t h e  p o r e  w a t e r s  i n  w h i c h  F e
2
+  w a s  v i r t u a l l y  a b s e n t .  T h e  
p r e c i p i t a t i o n  t o o k  p l a c e  i n  a  r e d u c i n g  e n v i r o n m e n t  f o l l o w i n g  c h l o r i t e  f o r m a t i o n .  
F e r r o a n  c a l c i t e  g e n e r a l l y  c o e x i s t s  w i t h  s i d e r i t e .  I t  f o l l o w e d  t h e  f o r m a t i o n  o f  s i d e  r i t e .  
T h i s  i m p l i e s  t h a t  F e
2
+  i n  t h e  p o r e  w a t e r s  w a s  p r o b a b l y  r e d u c e d  t o  a  l a r g e  e x t e n t  
a f t e r  t h e  p r e c i p i t a t i o n  o f  s i d e r i t e .  T h u s  f e r r o a n  c a l c i t e  c o u l d  b e  p r e c i p i t a t e d  d i r e c t l y  
f r o m  t h e  p o r e  w a t e r s .  
F o r m a t i o n  o f  s i d e  r i t e  
T h e  g e o c h e m i c a l  r e q u i r e m e n t s  f o r  t h e  f o r m a t i o n  o f  s i d e  r i t e  c r y s t a l s  h a v e  b e e n  
i n v e s t i g a t e d  b y  m a n y  r e s e a r c h e r s  ( e . g .  J a m e s ,  1 9 6 6 ;  C u r t i s ,  1 9 6 7 ;  C u r t i s  a n d  
S p e a r s ,  1 9 6 8 ;  B e r n e r ,  1 9 7 1 ,  1 9 8 0 ) .  F r o m  t h e i r  i n v e s t i g a t i o n s  t h e  f o l l o w i n g  g e n e r a l  
c o n c l u s i o n s  m a y  b e  m a d e :  1 )  S i d e  r i t e  f o r m a t i o n  r e q u i r e s  n e g a t i v e  E h  ( r e d u c i n g  
e n v i r o n m e n t ) ,  l o w  s u l p h i d e  i o n  c o n c e n t r a t i o n ,  l o w  c a l c i u m  i o n  a c t i v i t y ,  h i g h  f e r r o u s  
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i o n  a c t i v i t y  a n d  t h e  p r e s e n c e  o f  c a r b o n  d i o x i d e  ( H C 0
3
- ) ;  a n d  2 )  I t  i s  g e n e r a l l y  
f o r m e d  i n  a  f r e s h  w a t e r  ( I o w  s a l i n i t y )  e n v i r o n m e n t .  
A s  d i s c u s s e d  i n  C h a p t e r  4 ,  t h e  s e d i m e n t s  o f  t h e  N a r r a b e e n  G r o u p  w e r e  d e p o s i t e d  
i n  a  f l u v i a l  I  l a c u s t r i n e  e n v i r o n m e n t .  W i t h  d e p o s i t i o n  t h e  s e d i m e n t s  w e r e  b u r i e d  a n d  
w e r e  n o  l o n g e r  a f f e c t e d  b y  t h e  s u r f a c e  b a c t e r i a l  a c t i v i t y  a n d  e n v i r o n m e n t .  D u e  t o  
t h e  d e p l e t i o n  o f  d i s s o l v e d  o x y g e n  i n  p o r e  w a t e r s  w i t h  o r g a n i c  d e c a y ,  a  r e d u c i n g  
e n v i r o n m e n t  e v o l v e d  a n d  t h e  F e  i o n s  i n  t h e  p o r e  w a t e r  e x i s t e d  i n  t h e  f e r r o u s  f o r m .  
A f t e r  t h e  p o r e  w a t e r  b e c a m e  o v e r  s a t u r a t e d  w i t h  F e C 0
3
,  s i d e r i t e  c r y s t a l s  w e r e  
p r e c i p i t a t e d  f r o m  t h e  p o r e  w a t e r .  
F o r m a t i o n  o f  d o l o m i t e  a n d  a n k e r i t e  
D o l o m i t e  a n d  a n k e r i t e  a r e  p r e s e n t  i n  t h e  s a n d s t o n e s  i n  t h e  f o r m  o f  p o r e  f i l l i n g  
c e m e n t s  a n d  r a r e  r e p l a c e m e n t  o f  d e t r i t a l  g r a i n s .  T h e y  d o  n o t  s h o w  a n y  t e x t u r e  o f  
r e p l a c i n g  c a l c i t e  o r  F e  c a l c i t e .  T h u s  i t  i s  c o n s i d e r e d  t h a t  t h e y  w e r e  p r e c i p i t a t e d  
d i r e c t l y  f r o m  p o r e  w a t e r s  a n d  n o t  t h e  p r o d u c t  o f  d o l o m i t i s a t i o n  o f  c a l c i t e  a n d  F e  
c a l c i t e .  T h e  p r e c i p i t a t i o n  p r o b a b l y  p r o c e e d e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  r e a c t i o n :  
C a
2
+  +  ( M g , F e ) 2 +  +  2 C O l ·  - ?  C a ( M g , F e ) ( C 0
3
) 2  ( 3 )  
T h e  r e q u i r e m e n t s  f o r  t h e  r e a c t i o n  t o  p r o c e e d  a r e  h i g h  e n o u g h  c a r b o n a t e  a l k a l i n i t y  
( L i p p m a n ,  1 9 7 3 ) ,  s u f f i c i e n t  s u p p l y  o f  s u i t a b l e  c a t i o n s  p l u s  s u f f i c i e n t  t i m e  ( I r w i n ,  
1 9 8 0 )  a n d  l a c k  o f  s u l p h a t e .  
S i d e  r i t e  i s  t h e  m o s t  c o m m o n l y  f o u n d  c a r b o n a t e  i n  t h e  N a r r a b e e n  G r o u p  a n d  o c c u r s  
i n  t h e  m a j o r i t y  o f  s a m p l e s  s t u d i e d  u n d e r  S E M  I  E D X .  A n o t h e r  F e
2
+  b e a r i n g  
c a r b o n a t e  - a n k e r i t e  i s  a l s o  c o m m o n l y  f o u n d  i n  t h e  l o w e r  N a r r a b e e n  G r o u p  
s a n d s t o n e s .  T h e  e x t e n s i v e  p r e s e n c e  o f  s i d e r i t e  a n d  a n k e r i t e ,  t o g e t h e r  w i t h  t h e  
e x i s t e n c e  o f  f e r r o a n  c a l c i t e ,  r a r e  p y r i t e  a n d  i r o n  r i c h  c h l o r i t e  s t r o n g l y  s u g g e s t s  t h a t  
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F e
2
+  w a s  p r e s e n t  i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  i n  p o r e  w a t e r s  d u r i n g  t h e  
d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s .  T h e  e x t e n s i v e  p r e s e n c e  o f  F e
2
+  
d u r i n g  c a r b o n a t e  c e m e n t a t i o n  l i m i t e d  t h e  f o r m a t i o n  o f  n o n - f e r r o a n  c a l c i t e .  
F e
2
+  u s e d  i n  t h e  f o r m a t i o n  o f  F e - b e a r i n g  c a r b o n a t e s  s e e m s  t o  b e  l a r g e l y  d e r i v e d  
f r o m  r e d o x  r e a c t i o n s  i n  a d j a c e n t  s h a l e s  I  m u d s t o n e s .  I r o n  o x i d e s  a n d  h y d r o x i d e s  
p r o d u c e d  b y  w e a t h e r i n g  i n  t h e  d e t r i t a l  s o u r c e  a r e a s  m a y  b e  a b s o r b e d  o n  d e t r i t a l  
c l a y  p a r t i c l e s  a n d  h a v e  b e e n  t r a n s p o r t e d  t o  t h e  b a s i n .  I n  r e d u c i n g  c o n d i t i o n s ,  t h e y  
c a n  b e  r e d u c e d  t o  f e r r o u s  i r o n  a c c o r d i n g  t o  t h e  f o l l o w i n g  r e a c t i o n s :  
6 ( C H
2
0 }  +  3 S 0 i - +  2  F e O O H  - +  F e S  +  F e S 2  +  6 H C 0
3
- +  4 H
2
0  ( I r w i n ,  1 9 8 0 )  ( 4 )  
o r  
2 F e 2 0 3  +  C H
2
0  +  3 H
2
0  - +  H C 0
3
- +  4 F e
2
+  +  7 0 H ·  ( C u r t i s  e t  a I . ,  1 9 8 6 )  ( 5 )  
R e a c t i o n  ( 4 )  o c c u r s  d u r i n g  s u l p h a t e  r e d u c t i o n .  T h e  a u t h i g e n i c  p y r i t e  f o u n d  i n  a  f e w  
s a n d s t o n e s  p r o b a b l y  f o r m e d  a c c o r d i n g  t o  t h i s  r e a c t i o n .  T h e  r a r e  o c c u r r e n c e  o f  
a u t h i g e n i c  p y r i t e  i n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  i s  r e l a t e d  t o  t h e  l a c k  o f  a  
S O i ·  s o u r c e .  T h e  l o w  d i s s o l v e d  s u l p h a t e  i n  c i r c u l a t i n g  m e t e o r i c  p o r e  w a t e r s  
l i m i t e d  t h e  f o r m a t i o n  o f  p y r i t e  a n d  s u l p h a t e  r e d u c t i o n  w a s  n o t  a  s i g n i f i c a n t  p r o c e s s  
d u r i n g  b u r i a l  d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p .  
I r o n  m a y  b e  a l s o  r e l e a s e d  d i r e c t l y  f r o m  o r g a n i c  m a t t e r  s i n c e  i t  c o m p l e x e s  w i t h  
h u m i c  a c i d s  ( P i c a r d  a n d  F e l b e c k ,  1 9 7 6 ) ,  a n d  i s  p r e s e n t  i n  i r o n  p o r p h y r i n s  o f  " l i f e  
p i g m e n t "  ( I r w i n ,  1 9 8 0 ) .  A l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s  w a s  a n o t h e r  s o u r c e  f o r  
t h e  F e
2
+  u s e d  i n  t h e  f o r m a t i o n  o f  i r o n - b e a r i n g  c a r b o n a t e s .  
M i c r o p r o b e  a n a l y s e s  o f  t h e  c a r b o n a t e s  i n d i c a t e  c a l c i t e s ,  s i d e  r i t e s  a n d  a n k e r i t e s  a l l  
h a v e  a  s m a l l  a m o u n t  o f  M n C 0
3
.  M n  i n  t h e  c a r b o n a t e s  i s  c o n s i d e r e d  t o  b e  l a r g e l y  
d e r i v e d  f r o m  r e d u c t i o n  o f  M n 4 +  o x i d e s  ( p r o d u c e d  i n  d e t r i t a l  s o u r c e  a r e a s  a n d  
2 1 7  
t r a n s p o r t e d  t o  t h e  b a s i n )  i n  t h e  a d j a c e n t  s h a l e s  I  m U d s t o n e s  i n  a  s i m i l a r  m a n n e r  t o  
r e d u c t i o n  o f  F e 3 +  o x i d e s  [ r e f e r  t o  r e a c t i o n  ( 5 ) ] .  T h e  r e a c t i o n  c a n  b e  e x p r e s s e d  a s  
s u c h :  
2 M n 0 2  + C H
2
0  +  H
2
0  ~ H C O
a
"  +  2 M n 2 +  +  O H "  ( C u r t i s ,  e  a I . ,  1 9 8 6 )  ( 6 )  
R e d u c t i o n s  o f  F e 2 0 a  [ r e a c t i o n  ( 5 ) ]  a n d  M n 0 2  [ r e a c t i o n  ( 6 ) ]  r a i s e  a c t i v i t y  o f  M n  a n d  
F e  a n d  r e d u c e  a c i d i t y  o f  p o r e  w a t e r s .  A s  a  r e s u l t ,  c a r b o n a t e s  c a n  b e  p r e c i p i t a t e d  
f r o m  o v e r s a t u r a t e d  p o r e  w a t e r s  ( C u r t i s ,  1 9 8 3 a ;  C o l e m a n ,  1 9 8 5 ) .  D e p e n d i n g  o n  
a v a i l a b i l i t y  o f  o t h e r  c a t i o n s  ( C a
2
+  a n d  M g  2 + )  ,  f e r r o a n  c a l c i t e ,  o r  a n k e r i t e  o r  s i d e  r i t e  
w o u l d  f o r m .  
D u e  t o  g r e a t e r  f r e e  e n e r g y  r e l e a s e  f r o m  r e d u c t i o n  o f  M n 0
2  
t h a n  t h a t  o f  F e 2 0 a ,  M n 4 +  
s h o u l d  b e  p r e f e r e n t i a l l y  r e d u c e d  t o  M n 2 + .  T h e  t r a n s i t i o n a l  z o n e  b e t w e e n  o x i d i s i n g  
a n d  r e d u c i n g  c o n d i t i o n s  w i l l  t e n d  t o  h a v e  t h e  m a x i m u m  c o n c e n t r a t i o n  o f  M n 2 +  
( F r o e l i c h  e t  a I . ,  1 9 7 9 ) .  C a r b o n a t e s  f o r m e d  i n  t h i s  z o n e  w i l l  b e  r i c h e r  i n  M n
2
+  t h a n  
t h o s e  f o r m e d  i n  d e e p e r  b u r i a l .  T h i s  w a s  d o c u m e n t e d  b y  C u r t i s  e t  a l .  ( 1 9 8 6 )  a n d  i s  
a l s o  c o n s i d e r e d  t o  b e  t h e  c a s e  f o r  t h e  b u r i a l  d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  
s a n d s t o n e s ,  a s  s u p p o r t e d  b y  t h e  m i c r o p r o b e  a n a l y s e s  o f  t h e  c a r b o n a t e s .  I n  t h e  
N a r r a b e e n  G r o u p ,  p o r e  f i l l i n g  c a l c i t e s  f o r m e d  e a r l y  a t  a  s h a l l o w e r  d e p t h ,  w h i c h  
w a s  p r o b a b l y  c l o s e  t o  t h e  t r a n s i t i o n a l  z o n e .  D u r i n g  t h e  p r e c i p i t a t i o n  o f  c a l c i t e s ,  
M n
2
+  e x i s t e d  i n  a  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  i n  p o r e  w a t e r s .  T h u s  t h e  e a r l y  
f o r m e d  c a l c i t e s  w o u l d  b e  r e l a t i v e l y  r i c h  i n  M n ,  w h i c h  i s  s u p p o r t e d  b y  t h e  
m i c r o p r o b e  d a t a .  T h e  a n a l y s e d  c a l c i t e s  h a v e  2 - 6  m o l e  %  o f  M n C O
a
.  A n k e r i t e  w a s  
f o r m e d  l a t e r  a t  a  d e e p e r  b u r i a l .  A t  s u c h  a  b u r i a l  d e p t h ,  p o r e  w a t e r s  i n  t h e  
s e d i m e n t s  w o u l d  p r o b a b l y  h a v e  a  v e r y  l o w  c o n c e n t r a t i o n  o f  M n
2
+ .  T h e  p r e c i p i t a t e d  
a n k e r i t e  w o u l d  b e  e x p e c t e d  t o  b e  r e l a t i v e l y  p o o r  i n  M n ,  w h i c h  i s  s u p p o r t e d  b y  t h e  
m i c r o p r o b e  a n a l y s e s .  T h e y  i n d i c a t e  t h a t  M n C O
a  
i n  t h e  a n k e r i t e s  i s  l e s s  t h a n  2  m o l e  
%  a n d  i n  t h e  m a j o r i t y  o f  t h e m  M n C O
a  
i s  l e s s  t h a n  1  m o l e  % .  M o s t  o f  t h e  p o r e  f i l l i n g  
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s i d e  r i t e s  a n a l y s e d  b y  m i c r o p r o b e  h a v e  a  l o w e r  M n C 0
3  
t h a n  t h e  c a l c i t e s ,  
s u g g e s t i n g  t h e y  f o r m e d  a t  a  d e e p e r  b u r i a l .  T h e  s i d e r i t e s  i n  s a m p l e s  A  1 4 6 . 5  a n d  
Y 5 6 6 . 1  h a v e  a  M n C 0
3  
c o n t e n t  o f  4 - 8  m o l e  % .  T h e  h i g h  M n C 0
3  
c o n t e n t  i n  t h e s e  
s i d e  r i t e s  p r o b a b l y  r e s u l t e d  f r o m  l o c a l  a b u n d a n c e  o f  M n
2
+  i n  p o r e  w a t e r s  d u r i n g  
t h e i r  p r e c i p i t a t i o n .  
T h e  p r e s e n c e  o f  d o l o m i t e ,  a n k e r i t e  a n d  C a  M g  s i d e  r i t e  i n  t h e  s a n d s t o n e s  i n d i c a t e s  
t h a t  M g 2 +  d i d  o c c u r  i n  p o r e  w a t e r s  d u r i n g  t h e  f o r m a t i o n  o f  c a r b o n a t e s .  M g 2 +  i s  
c o n s i d e r e d  t o  b e  s u p p l i e d  b y  e x c h a n g e  r e a c t i o n s  i n v o l v i n g  c l a y  m i n e r a l s  a n d  
o r g a n i c  m a t t e r  ( M g  i s  a  c o n s t i t u e n t  o f  c h l o r o p h y l l ) .  O b v i o u s l y  a l t e r a t i o n  o f  v o l c a n i c  
r o c k  f r a g m e n t s  w a s  a n o t h e r  s o u r c e  f o r  M g 2 + .  
T h e  C a
2
+  u s e d  f o r  t h e  f o r m a t i o n  o f  C a - b e a r i n g  c a r b o n a t e s  i s  c o n s i d e r e d  t o  b e  
p r o d u c e d  b y  t h e  i n i t i a l  h y d r a t i o n  o f  v o l c a n i c l a s t i c  s e d i m e n t s  a c c o r d i n g  t o  t h e  
f o l l o w i n g  r e a c t i o n :  
C a
2
+ - s i l i c a t e  +  H
2
0  - +  H +  - s i l i c a t e  +  C a
2
+  ( S u r d a m  a n d  B o l e s ,  1 9 7 9 )  ( 7 )  
T h e  d i s s o l u t i o n  I  a l t e r a t i o n  ( i n c l u d i n g  a l b i t i s a t i o n )  o f  d e t r i t a l  p l a g i o c l a s e  g r a i n s  
p r o b a b l y  a l s o  s u p p l i e d  a  m i n o r  a m o u n t  o f  C a
2
+  t o  t h e  p o r e  w a t e r s .  
T h e  C a
2
+  f r o m  h y d r a t i o n  a s  w e l l  a s  a l t e r a t i o n  p r o b a b l y  d i d  n o t  t r a v e l  f a r  f r o m  w h e r e  
i t  w a s  p r o d u c e d .  T h i s  i s  s u p p o r t e d  b y  t h e  c l o s e  r e l a t i o n s h i p  b e t w e e n  t h e  
o c c u r r e n c e  o f  C a - b e a r i n g  c a r b o n a t e s  a n d  t h e  a b u n d a n t  d e t r i t a l  v o l c a n i c  l i t h i c s  i n  
t h e  s a n d s t o n e s .  C a l c i u m - b e a r i n g  c a r b o n a t e s  - c a l c i t e ,  f e r r o a n  c a l C i t e ,  d o l o m i t e ,  
a n d  a n k e r i t e  a r e  g e n e r a l l y  r e s t r i c t e d  t o  t h e  s a n d s t o n e s  r i c h  i n  v o l c a n i c  r o c k  c l a s t s  
f r o m  t h e  l o w e r  N a r r a b e e n  G r o u p  ( A p p e n d i x  V ) .  T h e  p o r e  f i l l i n g  C a - b e a r i n g  
c a r b o n a t e  i n  a  l a r g e  a m o u n t  i s  p a r t i c u l a r l y  l i m i t e d  a n d  f o u n d  o n l y  i n  s o m e  
s a n d s t o n e  s a m p l e s  f r o m  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  
2 1 9  
w h e r e  a b u n d a n t  d e t r i t a l  v o l c a n i c  c l a s t s  a r e  r e c o r d e d  i n  t h e  s a n d s t o n e s  ( T a b l e  6 - 2 ) .  
T h e  c o n c l u s i o n  f r o m  t h e  c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  C a - b e a r i n g  c a r b o n a t e  i s  t h a t  
a b u n d a n t  v o l c a n i c  l i t h i c s  f a v o u r  t h e  f o r m a t i o n  o f  C a - b e a r i n g  c a r b o n a t e s .  
6 . 5 . 2  L A T E  S T A G E  O F  D I A G E N E S I S  
( i )  P h a s e  I l l :  M a j o r  D i s s o l u t i o n  I  A l t e r a t i o n  o f  U n s t a b l e  D e t r i t a l  G r a i n s  
T h e  d i s s o l u t i o n  I  a l t e r a t i o n  p r o c e s s e s  r e q u i r e  a c i d i c  c o n d i t i o n s  o r  t h e  p r e s e n c e  o f  
c a r b o n  d i o x i d e .  I t  i s  k n o w n  t h a t  t h e  m a j o r  s o u r c e s  f o r  C O
2  
a r e  m e t e o r i c  w a t e r  a n d  
t h e  m a t u r a t i o n  o f  o r g a n i c  m a t t e r .  A s  w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  c h a p t e r ,  
d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  e n t e r e d  i n t o  a  c l o s e d  r e g i m e  a f t e r  
t h e  m a j o r  c a r b o n a t e  c e m e n t a t i o n .  I n  a  c l o s e d  s y s t e m ,  m e t e o r i c  w a t e r s  w i t h  
d i s s o l v e d  a t m o s p h e r i c  C O
2  
w e r e  u n l i k e l y  t o  e n t e r  p o r e  s p a c e s  o f  t h e  s e d i m e n t s  i n  
l a r g e  a m o u n t s .  T h u s  t h e  a c i d i c  c o n d i t i o n s  r e s p o n s i b l e  f o r  p h a s e  I I I  o f  t h e  
d i a g e n e s i s  a r e  m o s t  l i k e l y  t o  b e  a c h i e v e d  b y  t h e  m a t u r a t i o n  o f  o r g a n i c  m a t t e r .  T h e  
d i s s o l u t i o n  p o r o s i t y  p r e s e n t  t h r o u g h o u t  t h e  N a r r a b e e n  G r o u p  w a s  l a r g e l y  c r e a t e d  
b y  t h e  C O
2  
f r o m  t h i s  s o u r c e .  
T h e  a c i d i c  c o n d i t i o n s  a l s o  f a c i l i t a t e d  t h e  f u r t h e r  a l t e r a t i o n  o f  t h e  u n s t a b l e  d e t r i t a l  
p a r t i c l e s  ( v o l c a n i c  r o c k  f r a g m e n t s ,  f e l d s p a r  a n d  m i c a ) ,  w h i c h  a c c o m p a n i e d  o r  
i m m e d i a t e l y  f o l l o w e d  t h e  d i s s o l u t i o n  p r o c e s s .  T h e  t e x t u r a l  e v i d e n c e  f o r  t h i s  i s  t h a t  
t h e  s t a c k e d  k a o l i n  f l a k e s  f i l l  t h e  d i s s o l v e d  p o r e  s p a c e s  w i t h i n  t h e  c a r b o n a t e  
c e m e n t s  a n d  o c c u r  o n  t h e  s u r f a c e s  o f  t h e m .  I t  i s  c o m m o n  t h a t  k a o l i n  i s  t h e  f i r s t  
p r e c i p i t a t e  t o  r e d u c e  d i s s o l u t i o n  p o r e  s p a c e s  i n  s a n d s t o n e s  ( C u r t i s ,  1 9 8 3 b ) .  
K a o l i n s  a r e  g e n e r a l l y  d i s p e r s e d  u n i f o r m l y  t h r o u g h o u t  m o s t  o f  t h e  p o r e  s p a c e s  i n  
t h e  s a m e  s a n d s t o n e .  S u c h  a  d i s t r i b u t i o n  i m p l i e s  t h a t  t h e  a u t h i g e n i c  k a o l i n  w a s  
p r e c i p i t a t e d  f r o m  m i g r a t i n g  o v e r s a t u r a t e d  p o r e  w a t e r s .  K a o l i n  c o u l d  a l s o  f o r m  f r o m  
a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  g r a i n s .  S o m e  s a n d s t o n e s  c o n t a i n  s a n d  s i z e d  m a s s e s ,  
w h i c h  c o n s i s t s  o f  s t a c k e d  k a o l i n  f l a k e s  a n d  I  o r  p r i s m a t i c  q u a r t z  c r y s t a l s  a n d  k e e p s  
t h e  r o u g h  o u t l i n e  o f  o r i g i n a l  d e t r i t a l  g r a i n s  ( F i g s  6 - 2 9  t o  6 - 3 2 ) .  T h e s e  m a s s e s  a r e  
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T a b l e  6 - 2  D i s t r i b u t i o n  o f  a b u n d a n t  c a r b o n a t e  i n  s a n d s t o n e s .  
S a m p l e  n o .  
O U  
L o c a t i o n  C a r b o n a t e *  
R o c k  f r a g m e n t * *  
L 5 9 5 . 2  
S C  
E C Z  3 6 . 2  
5 1 . 3  
J 6 5 0 . 3  W O  E C Z  
5 6 . 0  8 8 . 8  
J 6 7 2 . 3  W O  E C Z  3 2 . 0  6 5 . 7  
M 0 9 4 . 1  B H  E C Z  
3 0 . 2  3 5 . 0  
I  4 6 5 . 6  U B  N R  3 6 . 0  
3 8 . 5  
H 6 8 1 . 2  W O  N R  3 0 . 0  
5 4 . 3  
F 5 2 5 . 8  
S C  N R  3 0 . 6  
5 5 . 7  
F 7 3 4 . 9  W O  
N R  3 0 . 4  2 7 . 7  
U 3 8 8 . 2  W O  N R  
4 4 . 2  5 7 . 4  
0 6 6 8 . 5  W O  S R  
3 0 . 2  5 8 . 9  
•  
p e r c e n t a g e  ( c e m e n t  a n d  r e p l a c e m e n t )  i n  t h e  t o t a l  s a n d s t o n e  f r o m  
A p p e n d i x  I I I  - p o i n t  c o u n t s .  
* *  
p e r c e n t a g e  i n  t h e  t o t a l  d e t r i t a l  g r a i n s  f r o m  A p p e n d i x  I V .  
E C Z  =  e a s t  c o a s t  z o n e ,  N R  =  n o r t h e r n  r e g i o n ,  S R  =  s o u t h e r n  r e g i o n  
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c o n s i d e r e d  t o  b e  t h e  r e s u l t  o f  c o m p l e t e  a l t e r a t i o n  o f  o r i g i n a l  d e t r i t a l  g r a i n s .  T h e  
a s s o c i a t i o n  o f  a u t h i g e n i c  k a o l i n s  w i t h  p a r t l y  a l t e r e d  d e t r i t a l  m u s c o v i t e  ( F i g s  6 - 1 0 1  
&  6 - 9 6 d ) ,  K - f e l d s p a r s  a n d  v o l c a n i c  c l a s t s  ( F i g  6 - 1 0 2 )  i n d i c a t e s  t h a t  a l t e r a t i o n  o f  
m u s c o v i t e ,  f e l d s p a r  a n d  v o l c a n i c  r o c k  f r a g m e n t s  c o u l d  a l l  h a v e  c r e a t e d  a u t h i g e n i c  
k a o l i n .  
T h e  S E M  I  E D X  s t u d i e s  s h o w  t h a t  a u t h i g e n i c  k a o l i n  t e n d s  t o  b e  m o r e  c o m m o n  a n d  
a b u n d a n t  i n  q u a r t z - r i c h  s a n d s t o n e s  t h a n  i n  l i t h i c - r i c h  s a n d s t o n e s .  T h e  l e s s e r  
a b u n d a n c e  o f  k a o l i n s  i n  l i t h i c - r i c h  s a n d s t o n e s  i s  c o n s i d e r e d  t o  b e  r e l a t e d  t o  
p o r o s i t y  m o d i f i c a t i o n .  I n  l i t h i c - r i c h  s a n d s t o n e s ,  i n t e r - g r a i n  p o r e  s p a c e s  a r e  g r e a t l y  
r e d u c e d  b y  p o r e  f i l l i n g  c a r b o n a t e s  a n d  m e c h a n i c a l  c o m p a c t i o n  d u r i n g  e a r l y  
d i a g e n e s i s .  A f t e r  e a r l y  d i a g e n e s i s ,  l a r g e  q u a n t i t i e s  o f  p o r e  w a t e r s  a r e  u n l i k e l y  t o  
h a v e  p a s s e d  t h r o u g h  l o w  p o r o s i t y  a n d  l o w  p e r m e a b i l i t y  l i t h i c - r i c h  s a n d s t o n e s  t o  
e i t h e r  d e p o s i t  a b u n d a n t  p o r e  f i l l i n g  k a o l i n s  o r  c a u s e  e x t e n s i v e  a l t e r a t i o n  o f  
u n s t a b l e  d e t r i t a l  g r a i n s  t o  k a o l i n s .  
( i i )  P h a s e  I V :  D e v e l o p m e n t  o f  Q u a r t z  O v e r g r o w t h s  a n d  P r e c i p i t a t i o n  o f  P o s t  Q u a r t z  
O v e r g r o w t h  l l l i t e  
T h e  w a y  t h a t  q u a r t z  o v e r g r o w t h s  d e v e l o p  h a s  b e e n  d i s c u s s e d  b y  a  n u m b e r  o f  
w o r k e r s  e . g .  E r n s t  a n d  B l a t t  ( 1 9 6 4 ) ,  W a u g h  ( 1 9 7 0 )  a n d  P i t t m a n  ( 1 9 7 2 ) .  P i t t m a n  
p r o p o s e d  t w o  w a y s  f o r  t h e  f o r m a t i o n  o f  q u a r t z  o v e r g r o w t h s :  ( 1 )  o v e r l a p  a n d  I  o r  
e m e r g e n c e  o f  t h e  i n i t i a l  v e r y  s m a l l  q u a r t z  c r y s t a l s  a n d  ( 2 )  e n v e l o p m e n t  o f  e a r l i e r  
m u l t i p l e  o v e r g r o w t h s  b y  a n  o u t e r  s h e l l .  
I n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  t h e  f o r m e r  w a y  f o r  t h e  d e v e l o p m e n t  o f  q u a r t z  
o v e r g r o w t h s  i s  c l e a r l y  a n d  c o n v i n c i n g l y  e s t a b l i s h e d  b y  t h e  c u r r e n t  s t u d y .  I n  t h i s  
p r o c e s s  q u a r t z  o v e r g r o w t h s  a r e  d e v e l o p e d  i n  t h r e e  s t a g e s :  i n i t i a l ,  s u b m a t u r e  a n d  
m a t u r e  s t a g e s .  T h e  m i c r o - q u a r t z  c r y s t a l s  g r o w i n g  o n  d e t r i t a l  q u a r t z  g r a i n s  ( F i g s  6 -
6 1  &  6 - 6 2 )  a r e  c o n s i d e r e d  t o  b e  t h e  p r o d u c t  o f  t h e  i n i t i a l  s t a g e .  T h e y  a r e  p r e s e n t  a s  
p r o j e c t i o n s  f r o m  t h e  s u b s t r a t e  - d e t r i t a l  q u a r t z  g r a i n s .  I f  p h y s i c o - c h e m i c a l  
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c o n d i t i o n s ,  s p a c e ,  t i m e  a n d  s i l i c a  s o u r c e s  a r e  a l l  f a v o u r a b l e  f o r  t h e  f u r t h e r  
d e v e l o p m e n t  o f  q u a r t z  o v e r g r o w t h s ,  t h e  f o r m a t i o n  o f  q u a r t z  o v e r g r o w t h s  e n t e r s  i n t o  
t h e  s u b m a t u r e  s t a g e .  T h e  c l o s e l y  s p a c e d  i n i t i a l  p r i s m a t i c  m i c r o - q u a r t z  c r y s t a l s  w i t h  
t h e  s a m e  c r y s t a l l o g r a p h i c  o r i e n t a t i o n  e m e r g e  a n d  c o a l e s c e  t o  f o r m  l a r g e r  p l a n a r  
s u r f a c e s  d u r i n g  t h i s  s t a g e  ( F i g s  6 - 1 0 3  t o  6 - 1 0 5 ) .  B u t  t h e  s u r f a c e s  a r e  n o t  f u l l y  
d e v e l o p e d  s o  t h a t  · V ·  s h a p e d  i m p r e s s i o n s  c a n  b e  s e e n  o n  t h e m  ( F i g s  6 - 1 0 4  &  6 -
1 0 5 ) .  I f  t h e  f o r m a t i o n  o f  q u a r t z  o v e r g r o w t h s  c o n t i n u e s ,  i t  e n t e r s  t o  t h e  f i n a l  m a t u r e  
s t a g e  d u r i n g  w h i c h  t h e  s m o o t h  s u r f a c e s  a r e  d e v e l o p e d  a n d  o v e r g r o w t h  c a n  
c o n t i n u e  a s  a  s i n g l e  c r y s t a l  ( F i g s  6 - 2 6 ,  6 - 6 2  &  6 - 9 4 ) .  T h e  f o r m a t i o n  o f  q u a r t z  
o v e r g r o w t h s  b y  t h e  o u t e r  s h e l l  e n v e l o p m e n t  i s  a l s o  s h o w n  b y  t h e  s t u d y ,  a s  
i n d i c a t e d  b y  F i g s  6 - 1 0 5  &  6 - 1 0 6 .  T h e  l a t e  w e l l  d e v e l o p e d  q u a r t z  o v e r g r o w t h s  
e n c l o s e  t h e  e a r l y  q u a r t z  c r y s t a l s  ( c o a l e s c e d  m i c r o - q u a r t z  c r y s t a l s ? ) .  
F o r  t h e  w e l l  d e v e l o p e d  q u a r t z  o v e r g r o w t h s  f o u n d  i n  t h e  s a m p l e s  s t u d i e d ,  i t  i s  
i m p o s s i b l e  t o  d e t e r m i n e  i n  w h i c h  o f  t h e  t w o  w a y s  o r  a  c o m b i n a t i o n  o f  t h e m  q u a r t z  
o v e r g r o w t h s  f o r m e d  s i n c e  t h e  w e l l  d e v e l o p e d  s m o o t h  s u r f a c e s  m a s k  t h e  
c h a r a c t e r i s t i c s  o f  e a r l y  s t a g e s .  
B o t h  p e t r o l o g i c a l  m i c r o s c o p e  a n d  S E M  I  E D X  s t u d i e s  i n d i c a t e  t h a t  q u a r t z  
o v e r g r o w t h s  g e n e r a l l y  o c c u r  i n  a  t r a c e  t o  m i n o r  a m o u n t  t h r o u g h o u t  t h e  w h o l e  
N a r r a b e e n  G r o u p .  H o w e v e r ,  t h e y  a r e  m o r e  a b u n d a n t  i n  t h e  u p p e r  N a r r a b e e n  
G r o u p ,  w h i c h  i s  r i c h e r  i n  d e t r i t a l  q u a r t z ,  t h a n  i n  t h e  l o w e r  N a r r a b e e n  G r o u p .  I n  t h e  
s a n d s t o n e s  r i c h  i n  v o l c a n i c  r o c k  f r a g m e n t s ,  q u a r t z  o v e r g r o w t h s  t e n d  t o  b e  
r e s t r i c t e d  t o  t h e  d e t r i t a l  q u a r t z  g r a i n s  w h i c h  a r e  a d j a c e n t  t o  o t h e r  d e t r i t a l  q u a r t z  
g r a i n s .  I s o l a t e d  d e t r i t a l  q u a r t z  g r a i n s  s u r r o u n d e d  b y  d e t r i t a l  l i t h i c  c l a s t s  r a r e l y  h a v e  
q u a r t z  o v e r g r o w t h s .  
T h e  d i s t r i b u t i o n  o f  q u a r t z  o v e r g r o w t h s  s u g g e s t s  t h a t  t h e  s o u r c e  f o r  t h e  s i l i c a  i s  
r e l a t e d  t o  t h e  d e t r i t a l  q u a r t z  g r a i n s .  T h u s  p r e s s u r e  s o l u t i o n  m a y  b e  t h e  m a j o r  
s o u r c e  f o r  t h e  s i l i c a  f o r  t h e  o v e r g r o w t h s .  T h i s  i n t e r p r e t a t i o n  i s  s u p p o r t e d  b y  t h e  
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e x i s t e n c e  o f  s u t u r e d  c o n t a c t s  b e t w e e n  a d j a c e n t  q u a r t z  g r a i n s  ( s e e  F i g  5 - 2 8 )  a n d  
t h e  d i m p l e s  r e c o g n i s e d  o n  t h e  d e t r i t a l  q u a r t z  g r a i n  s u r f a c e s  u n d e r  S E M .  
A n o t h e r  p o s s i b l e  s o u r c e  i s  t h e  a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  c l a s t s ,  w h i c h  h a p p e n s  
p r i o r  t o  t h e  f o r m a t i o n  o f  q u a r t z  o v e r g r o w t h s  a n d  r e l e a s e s  s i l i c a  t o  t h e  p o r e  w a t e r .  
I I l i t i s a t i o n  o f  s m e c t i t e  i s  a n o t h e r  w e l l  c i t e d  s o u r c e  f o r  s i l i c a .  
s m e c t i t e  +  K +  +  A I 3 + - - 7  i l l i t e  +  S i ( O H ) 4  +  H +  ( 8 )  
T h i s  r e a c t i o n  r e q u i r e s  a  t e m p e r a t u r e  o f  a b o u t  6 0 - 1 0 0
o
C  t o  p r o c e e d  ( H o w e r  e t  a I . ,  
1 9 7 6 ) .  H +  r e l e a s e d  f r o m  t h i s  r e a c t i o n  m a y  b e  u s e d  t o  d i s s o l v e  f e l d s p a r s ,  
c a r b o n a t e s  a n d  v o l c a n i c  r o c k  f r a g m e n t s  t o  s u p p l y  m o r e  s i l i c a .  
A f t e r  q u a r t z  o v e r g r o w t h s ,  i I I i t e  w a s  p r e c i p i t a t e d  f r o m  p o r e  w a t e r s .  F i l a m e n t o u s  i l l i t e  
i d e n t i f i e d  i n  t h e  s a n d s t o n e s  w a s  l a r g e l y  f o r m e d  d u r i n g  t h i s  p h a s e  o f  d i a g e n e s i s .  
F o r m a t i o n  o f  i I I i t e  r e q u i r e s  a  h i g h  c o n c e n t r a t i o n  o f  K +  ( G a r r e l s  a n d  C h r i s t ,  1 9 6 5 ) .  
H o w  t h e  h i g h  c o n c e n t r a t i o n  o f  K +  w a s  a c h i e v e d  i s  n o t  c l e a r .  I t  w a s  p r o b a b l y  r e l a t e d  
t o  t h e  c e s s a t i o n  o f  i l l i t i s a t i o n  o f  m i x e d - l a y e r  i I I i t e  /  s m e c t i t e .  T o w a r d s  t h e  e n d  o f  
q u a r t z  o v e r g r o w t h  f o r m a t i o n ,  t h e  i l l i t i s a t i o n  h a d  c e a s e d  ( F i g  6 - 8 3 ) .  A s  a  r e s u l t ,  K +  
p r e v i o u s l y  u s e d  i n  t h e  i l l i t i s a t i o n  c o u l d  b u i l d  u p .  W h e n  t h e  p o r e  w a t e r s  b e c a m e  
s a t u r a t e d  w i t h  i I I i t e ,  i t  w o u l d  c r y s t a l l i s e .  
( i i i )  P h a s e  V :  F o r m a t i o n  o f  P o s t  Q u a r t z  O v e r g r o w t h  C a r b o n a t e  
O n l y  s o m e  s a n d s t o n e s  i n  t h e  e a s t  c o a s t  z o n e  a n d  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  
e x p e r i e n c e d  t h e  l a s t  p h a s e  o f  d i a g e n e s i s  d u r i n g  w h i c h  m i n o r  a m o u n t s  o f  c a l c i t e  
a n d  a n k e r i t e  c r y s t a l l i s e d .  T h e  i o n s  u s e d  f o r  t h e  f o r m a t i o n  o f  t h e  l a t e  d i a g e n e t i c  
m i n e r a l s  a r e  c o n s i d e r e d  t o  b e  s u p p l i e d  b y  a n  i n t e r n a l  s o u r c e .  T h e y  w e r e  d e r i v e d  
f r o m  p r e v i o u s  d i a g e n e t i c  r e a c t i o n s .  D e p e n d i n g  u p o n  t h e  a v a i l a b i l i t y  o f  C a
2
+ ,  F e
2
+ ,  
M g 2 + ,  a n d  p h y s i c o - c h e m i c a l  c o n d i t i o n s  o f  p o r e  w a t e r s ,  c a l c i t e  o r  a n k e r i t e  
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c r y s t a l l i s e d  i n  p o r e  w a t e r s  i n  d i f f e r e n t  s a n d s .  L a t e  c a l c i t e  w a s  f o u n d  i n  o n e  
s a n d s t o n e  ( s a m p l e  1 7 8 1 . 5 )  f r o m  t h e  n o r t h e r n  r e g i o n  o f  t h e  b a s i n  a n d  l a t e  a n k e r i t e  
i n  t w o  s a n d s t o n e s  ( s a m p l e s  B 1 5 1 . 6  a n d  L 4 2 2 . 3 )  f r o m  t h e  e a s t  c o a s t  z o n e .  
( i v )  O t h e r  R e a c t i o n s  T a k i n g  P l a c e  d u r i n g  t h e  L a t e  S t a g e  o f  D i a g e n e s i s .  
A l b i t i s a t i o n  o f  p l a g i o c l a s e  a n d  f o r m a t i o n  o f  z e o l i t e s  a r e  r e l a t e d  t o  t h e  a l t e r a t i o n  o f  
u n s t a b l e  d e t r i t a l  g r a i n s  i n  t h e  N a r r a b e e n  G r o u p .  T h e y  f o r m e d  l a t e ,  b u t  t h e i r  e x a c t  
t i m i n g  r e l a t i v e  t o  t h e  o t h e r  d i a g e n e t i c  m i n e r a l s  i s  n o t  c l e a r .  T h u s  t h e y  c a n  n o t  b e  
c l a s s i f i e d  t o  t h e  t h r e e  p h a s e s  o f  t h e  l a t e  d i a g e n e s i s .  
A l b i t i s a t i o n  o f  p l a g i o c l a s e  
A l b i t i s a t i o n  b e g i n s  a s  a n  e q u a l  v o l u m e  r e p l a c e m e n t  r e a c t i o n .  T h e  c o n v e r s i o n  o f  
t h e  a n o r t h i t e  c o m p o n e n t  o f  o l i g o c l a s e  a n d  a n d e s i n e  r e c e i v e s  N a +  i o n s  f r o m  
s o l u t i o n  a n d  r e l e a s e s  C a
2
+  t o  t h e  s o l u t i o n  ( M e r i n o ,  1 9 7 5 ;  B o l e s ,  1 9 8 2 ) .  
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0  ( 9 )  
T h e  a b o v e  r e a c t i o n  r e q u i r e s  a  s u b s t a n t i a l  a m o u n t  o f  s i l i c a  a n d  s o d i u m  t o  p r o c e e d .  
T h e  c o n v e r s i o n  o f  s m e c t i t e  t o  i I I i t e  i n  t h e  a d j a c e n t  s h a l e s  I  m u d s t o o e s  i s  t h e  m o s t  
l i k e l y  s o u r c e  f o r  a  l a r g e  q u a n t i t y  o f  s o d i u m  i o n s  a c c o r d i n g  t o  t h e  f o l l o w i n g  r e a c t i o n  
( H e l m o l d  a n d  v e n  d e  K a m p ,  1 9 8 4 ) :  
s m e c t i t e  +  A I 3 +  +  K +  =  i l l i t e  +  S i 4 +  +  N a +  +  C a +
2  
+  M g + 2  +  F e +
2
+ 3  +  H
2
0  ( 1 0 )  
I t  i s  m o d i f i e d  f r o m  r e a c t i o n  ( 8 ) .  
X R D  s t u d i e s  i n d i c a t e  t h a t  t h e  m i x e d - l a y e r  i l l i t e  I  s m e c t i t e  c o n t a i n s  2 0 - 4 0  p e r c e n t  
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e x p e n d a b l e  s m e c t i t e  i n  f i n e  f r a c t i o n s  o f  t h e  s a n d s t o n e s  s t u d i e d .  T h e  l o w  
p e r c e n t a g e  o f  e x p a n d a b l e  l a y e r  i n  t h e  m i x e d - l a y e r  m i n e r a l  i s  c o n s i d e r e d  t o  h a v e  
r e s u l t e d  f r o m  t h e  c o n v e r s i o n  o f  s m e c t i t e  t o  i I l i t e .  D e s p i t e  l a c k  o f  s y s t e m a t i c  s t u d y  o f  
t h e  c l a y  m i n e r a l o g y  o f  t h e  a d j a c e n t  s h a l e s  /  m u d s t o n e s  i n  t h e  N a r r a b e e n  G r o u p ,  a  
s i m i l a r  c o n v e r s i o n  i s  s p e c u l a t e d  t o  h a v e  t a k e n  p l a c e  i n  t h e  s h a l e s  /  m u d s t o n e s .  I f  
t h e  s o d i u m  i o n s  w e r e  n o t  t a k e n  u p  b y  f o r m i n g  o t h e r  N a - b e a r i n g  c l a y  m i n e r a l s  a n d  
i f  i t  i s  a s s u m e d  t h a t  t h e  s h a l e s  /  m u d s t o n e s  w e r e  n o t  a  c o m p l e t e l y  c l o s e d  s y s t e m  
w i t h  r e g a r d  t o  s o d i u m ,  t h e y  w o u l d  m o v e  t o  a d j a c e n t  s a n d s t o n e s .  
I n  s o m e  f e l d s p a r s ,  t h e  a l b i t i s a t i o n  a l s o  p r o d u c e d  a  m i n o r  a m o u n t  o f  c a l c i t e  a s  a  b y -
p r o d u c t  i n  s o m e  a l b i t i s e d  d e t r i t a l  p l a g i o c l a s e  g r a i n s  ( F i g s  6 - 7 0  &  6 - 7 1 ) .  T h e  c a l c i t e  
i s  i n c l u d e d  i n  t h e  n e w l y  - f o r m e d  a l b i t e .  T h i s  f i n d i n g  i s  s i m i l a r  t o  t h e  c a s e  
d o c u m e n t e d  b y  B o l e s  ( 1 9 8 2 ) .  A s  B o l e s  s p e c u l a t e d ,  c a l c i t e  w a s  f o r m e d  b y  
c o m b i n i n g  C a
2
+  r e l e a s e d  d u r i n g  a l b i t i s a t i o n  w i t h  c a r b o n a t e  i o n s  f r o m  p o r e  f l u i d s .  
T h e  p r e c i p i t a t i o n  o f  c a l c i t e  a s  a  b y - p r o d u c t  o f  t h e  a l b i t i s a t i o n  d i f f e r s  f r o m  t h e  c a s e s  
d o c u m e n t e d  b y  C a s t a f i o  a n d  S p a r k s  ( 1 9 7 4 )  a n d  H e l m o l d  a n d  v a n  d e  K a m p  ( 1 9 8 4 )  
w h e r e  l a u m o n i t e  p r e C i p i t a t e s  c o n c u r r e n t l y  w i t h  a l b i t i s a t i o n .  
T h e  d i f f e r e n c e  i s  p r o b a b l y  d u e  t o  t h e  v a r i a t i o n  i n  t h e  a c t i v i t y  o f  C O
2  
r e l a t i v e  t o  t h a t  
o f  H
2
0  i n  t h e  d i f f e r e n t  g e o g r a p h i c  a r e a s  ( Z e n ,  1 9 6 1 ) .  W h e r e  a C O i a H 2 0  i s  h i g h ,  
c a l c i t e  w i l l  b e  f o r m e d  a s  a  b y - p r o d u c t  o f  t h e  a l b i t i s a t i o n  a c c o r d i n g  t o  t h e  f o l l o w i n g  
r e a c t i o n  p r o p o s e d  b y  H e l m o l d  a n d  v a n  d e  K a m p  ( 1 9 8 4 ) :  
N a A I S i
3
0
S
' C a A I
2
S  i
2
0
s  
+  4 S i 0
2  
+  2 N a +  +  C O l '  =  3 N a A I S i
3
0
S  
+  C a C 0
3  
( 1 1 )  
p l a g i o c l a s e  a l b i t e  c a l c i t e  
W h e r e  a C O i a H 2 0  i s  l o w ,  o n  t h e  o t h e r  h a n d ,  t h e  f o r m a t i o n  o f  l a u m o n i t e  w i l l  
a c c o m p a n y  a l b i t i s a t i o n  a c c o r d i n g  t o  e i t h e r  o f  t h e  f o l l o w i n g  t w o  r e a c t i o n s  ( B o l e s  
a n d  C o o m b s ,  1 9 7 7 ) ,  d e p e n d i n g  u p o n  t h e  e x t e n t  o f  a l b i t i s a t i o n  o f  p l a g i o c l a s e :  
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1 i
3
0
S
' C a A I
2
0
S  
+  2 S i 0
2  
+  4 H
2
0  =  N a A I S i
3
0
s  
+  C a A 1 2 S i 4 0 1 2 ' 4 H 2 0  ( 1 2 )  
I l a g i o c l a s e  
a l b i t e  
l a u m o n i t e  
i r o n m e n t  w h e r e  c a l c i u m - b e a r i n g  p l a g i o c l a s e  i s  p a r t l y  a l b i t i s e d  a n d  p a r t l y  
I Y  l a u m o n i t e .  
o r  
r P s ' C a A I
2
S i
2
0
S  
+  3 S i 0
2  
+  2 H
2
0  +  N a +  =  2 N a A I S i
3
0
S  
+  
p l a g i o c l a s e  
a l b i t e  
O . 5 C a A I 2 S i 4 0 1 2 · 4 H 2 0  +  O . 5 C a + 2  ( 1 3 )  
l a u m o n i t e  
t o n m e n t  i n  w h i c h  c o m p l e t e  a l b i t i s a t i o n  h a s  t a k e n  p l a c e .  
~e N a r r a b e e n  G r o u p  i s  c o n c e r n e d ,  a l b i t i s a t i o n  i s  c o n s i d e r e d  t o  b e  a  l a t e  
~vent. I t  p r o b a b l y  t o o k  p l a c e  d u r i n g  a n d  f o l l o w i n g  t h e  m a j o r  d i s s o l u t i o n  I  
I f  u n s t a b l e  d e t r i t a l  g r a i n s  ( p h a s e  I V ) .  D u r i n g  t h e  a l b i t i s a t i o n  r e a c t i o n ,  a  
~ge q u a n t i t y  o f  C O
2  
m i g h t  b e  p r e s e n t  a s  a  r e s u l t  o f  o r g a n i c  m a t u r a t i o n  i n  
\ d s t o n e s .  T h u s  a l b i t i s a t i o n  p r o c e e d e d  i n  a  c h e m i c a l  e n v i r o n m e n t  w h e r e  
I  w a s  h i g h  s o  t h a t  c a l c i t e  w a s  p r e c i p i t a t e d  c o n c u r r e n t l y  w i t h  a l b i t i s a t i o n  
~ r e a c t i o n  ( 1 1 ) .  H o w e v e r ,  c a l c i t e  f o r m e d  i n  t h i s  w a y  i s  v e r y  r a r e .  
~tion 
i  c o m m o n  d i a g e n e t i c  m i n e r a l s  i n  v o l c a n i c l a s t i c  s a n d s t o n e s  a n d  f o r m  b y  
I  
p n  o f  s a l i n e ,  a l k a l i n e  a q u e o u s  s o l u t i o n s  a n d  u n s t a b l e  v o l c a n i c  d e t r i t u s  
1 9 5 9 ;  H a y ,  1 9 6 6 ;  S u r d a m  a n d  B o l e s ,  1 9 7 9 ;  M a t h i s e n ,  1 9 8 4 ) .  Z e o l i t e s  
,  b y  t w o  m a j o r  d i a g e n e t i c  r e a c t i o n s :  v o l c a n i c  g l a s s  t o  z e o l i t e  a n d  
. 0  z e o l i t e  ( S u r d a m  a n d  B o l e s ,  1 9 7 9 ) .  V o l c a n i c  g l a s s  a n d  p l a g i o c l a s e  
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a r e  u n s t a b l e  a n d  c o m m o n l y  d i s s o l v e  i n  s a l i n e ,  a l k a l i n e  s o l u t i o n .  T h e  d i s s o l u t i o n  
p r o d u c e s  s i l i c a  a n d  a l u m i n i u m  t o  t h e  p o r e  w a t e r  f r o m  w h i c h  t h e  z e o l i t e s  
p r e c i p i t a t e .  
A l t h o u g h  t h e  v o l c a n i c  r o c k  f r a g m e n t s  a c c o u n t  f o r  a  p r i n c i p a l  p a r t  o f  t h e  s a n d s t o n e s  
i n  t h e  l o w e r  N a r r a b e e n  G r o u p ,  z e o l i t e s  a r e  r a r e l y  f o u n d  i n  t h e s e  s a n d s t o n e s .  
A n a l c i m e  i s  o n e  e x c e p t i o n  a n d  w a s  t e n t a t i v e l y  i d e n t i f i e d  i n  o n e  s a m p l e  ( F i g s  6 - 7 9  
&  6 - 8 0 )  a n d  w h o s e  f o r m a t i o n  i s  c o n s i d e r e d  t o  b e  r e l a t e d  t o  t h e  m a j o r  d i s s o l u t i o n  I  
a l t e r a t i o n  o f  u n s t a b l e  d e t r i t a l  g r a i n s  d u r i n g  t h e  l a t e  s t a g e  o f  d i a g e n e s i s .  T h e r e  i s  n o  
p e t r o l o g i c  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  v o l c a n i c  g l a s s .  P l a g i o c l a s e  c o n s t i t u t e s  a  
m i n o r  p a r t  o f  t h e  s a n d s t o n e  i n  t h e  l o w e r  N a r r a b e e n  G r o u p  a n d  g e n e r a l l y  a c c o u n t s  
f o r  l e s s  t h a n  5  p e r c e n t  o f  t h e  t o t a l  s a n d s t o n e .  M o r e o v e r ,  p l a g i o c l a s e  t e n d s  t o  b e  
a l b i t i s e d .  T h e  r a r e  e x i s t e n c e  o f  z e o l i t e s  c a n  p r o b a b l y  b e  e x p l a i n e d  b y  t h e  a b s e n c e  
o f  d e t r i t a l  v o l c a n i c  g l a s s  a n d  p a u c i t y  o f  p l a g i o c l a s e ,  a n d  t h e  t e n d e n c y  o f  
a l b i t i s a t i o n  o f  p l a g i o c l a s e .  
T h e  u n s u i t a b l e  c h e m i c a l  e n v i r o n m e n t  i s  p r o b a b l y  a n o t h e r  f a c t o r  l i m i t i n g  t h e  
f o r m a t i o n  o f  z e o l i t e s .  A s  i n d i c a t e d  b y  H a y  ( 1 9 6 6 ) ,  t h e  a l t e r a t i o n  o f  g l a s s  t o  s m e c t i t e  
i s  a n  i m p o r t a n t  f a c t o r  i n  p r o v i d i n g  t h e  c h e m i c a l  e n v i r o n m e n t ,  p a r t i c u l a r l y  a n  
a l k a l i n e  p H  a n d  h i g h  a c t i v i t y  o f  s i l i c a ,  s u i t a b l e  t o  t h e  f o r m a t i o n  o f  z e o l i t e s .  T h e  
a b s e n c e  o f  v o l c a n i c  g l a s s  m a d e  i t  i m p o s s i b l e  f o r  s u c h  a  r e a c t i o n  ( g l a s s  t o  s m e c t i t e )  
t o  h a v e  t a k e n  p l a c e  i n  t h e  s a n d s t o n e s  s t u d i e d .  
6 , 6  S U M M A R Y  
T h e r e  a r e  t h r e e  p r i n c i p a l  t y p e s  o f  d i a g e n e t i c  m i n e r a l s  i n  t h e  N a r r a b e e n  G r o u p  
s a n d s t o n e s :  c a r b o n a t e s ,  c l a y  m i n e r a l s ,  a n d  q u a r t z  c e m e n t s .  C a r b o n a t e s  c o n s i s t  o f  
c a l c i t e ,  d o l o m i t e ,  a n k e r i t e ,  a n d  s i d e r i t e  w i t h  s i  d e  r i t e  b e i n g  t h e  m o s t  c o m m o n .  C l a y  
m i n e r a l s  i n c l u d e  k a o l i n ,  i l l i t e ,  m i x e d - l a y e r  i l l i t e  I  s m e c t i t e ,  a n d  c h l o r i t e  w i t h  k a o l i n  
b e i n g  t h e  m o s t  c o m m o n .  M i c r o - q u a r t z ,  m e g a - q u a r t z  a n d  q u a r t z  o v e r g r o w t h s  
c o m p r i s e  q u a r t z  c e m e n t s  w i t h  q u a r t z  o v e r g r o w t h s  b e i n g  t h e  m o s t  a b u n d a n t .  
228 
Diagenesis of the Narrabeen Group sandstones began with the formation of rare 
grain coating haematite and early clays including kaolin, grain coating mixed-layer 
iIIite / smectite and chlorite. Following the formation of these early clays, major 
carbonate cementation took place. Among the diagenetic carbonates, calcite 
coating detrital grains was the first to crystallise and was succeeded by side rite 
coating detrital grains, pore filling calcite, pore filling siderite, and pore filing 
ferroan calcite and ankerite. After the major carbonate cementation, kaolin, quartz 
overgrowths and filamentous pore-bridging iltite crystallised. The latest cements to 
form were calcite and ankerite 
The formation of early authigenic clay minerals was mainly controlled by the 
physico-chemical features of the pore waters. The early mixed-layered iIIite / 
smectite coating detrital grains and early kaolin were precipitated in sands with 
oxygenated and mildly acidic pore waters whereas the chlorite crystallised in 
sands with anoxic and neutral to mildly alkaline pore waters. The formation of 
chlorites was also controlled by the detrital composition of sandstones, as 
suggested by the close association of the occurrence of authigenic chlorite with 
abundant volcanic rock fragments. 
The type of carbonate formed during carbonate cementation was controlled by the 
relative concentration of Ca2+, Fe2+, Mg2+ and Mn2+ and physico-chemical 
conditions in pore waters. Non-ferroan calcite crystallised in pore waters where 
Fe2+ was virtually absent. The extensive presence of Fe2+ in pore waters during 
carbonate cementation determined the limited formation of non-ferroan calcite. 
Non-ferroan calcite coating detrital grains was found only in two samples from the 
west margin. Pore filling non-ferroan calcite is restricted to the volcanic lithic-rich 
sandstones in the east coast zone and northern region of the basin. In the 
presence of a high concentration of Fe2+, Fe calcite, or dolomite, or ankerite, or 
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s i d e  r i t e  c r y s t a l l i s e d  d e p e n d i n g  o n  t h e  c o n c e n t r a t i o n s  o f  o t h e r  c a t i o n s  a n d  p h y s i c o -
c h e m i c a l  c o n d i t i o n s .  
T h e  F e
2
+  u s e d  i n  f o r m i n g  t h e s e  c a r b o n a t e s  w a s  d e r i v e d  f r o m  r e d u c t i o n  o f  F e 2 0 3 ,  
a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s  a n d  o r g a n i c  m a t t e r  i n  t h a t  o r d e r  o f  i m p o r t a n c e .  
T h e  C a
2
+  u s e d  i n  f o r m i n g  t h e s e  c a r b o n a t e s  w a s  l a r g e l y  d e r i v e d  f r o m  t h e  i n i t i a l  
h y d r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s .  T h e  p r o d u c e d  C a
2
+  w a s  i n c o r p o r a t e d  w i t h  
H C 0
3
- a t  o r  n e a r  w h e r e  i t  w a s  p r o d u c e d  s o  t h a t  p o r e  f i l l i n g  c a l c i t e ,  f e r r o a n  c a l c i t e  
a n d  a n k e r i t e  a r e  r e s t r i c t e d  t o  t h e  l o w e r  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  w h i c h  a r e  
g e n e r a l l y  r i c h  i n  d e t r i t a l  v o l c a n i c  l i t h i c s .  
K a o l i n s  w e r e  f o r m e d  b y  d i r e c t  p r e c i p i t a t i o n  f r o m  m i g r a t i n g  p o r e  w a t e r s  a n d  
a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s ,  f e l d s p a r  a n d  m i c a .  T h e y  a r e  m o r e  c o m m o n  
a n d  a b u n d a n t  i n  t h e  s a n d s t o n e s  r i c h  i n  q u a r t z .  
Q u a r t z  o v e r g r o w t h s  d e v e l o p e d  i n  t w o  w a y s  a n d  /  o r  a  c o m b i n a t i o n  o f  t h e  t w o :  
o v e r l a p  a n d  /  o r  e m e r g e n c e  o f  t h e  i n i t i a l  m i c r o - q u a r t z  c r y s t a l s  a n d  e n v e l o p m e n t  o f  
e a r l i e r  m u l t i p l e  o v e r g r o w t h s  b y  a n  o u t e r  s h e l l .  T h e y  a r e  m o r e  c o m m o n  a n d  
a b u n d a n t  i n  q u a r t z - r i c h  s a n d s t o n e s  t h a n  i n  l i t h i c - r i c h  s a n d s t o n e s .  T h e  s i l i c a  u s e d  
f o r  t h e  o v e r g r o w t h s  w a s  l a r g e l y  d e r i v e d  f r o m  p r e s s u r e  s o l u t i o n .  
P r e c i p i t a t i o n  o f  p o s t  q u a r t z  o v e r g r o w t h  i I I i t e  w a s  r e l a t e d  t o  t h e  b u i l d  u p  o f  K +  i n  p o r e  
w a t e r s  f o l l o w i n g  q u a r t z  o v e r g r o w t h s .  C e s s a t i o n  o f  i l i i t i s a t i o n  o f  s m e c t i t e  w a s  
p r o b a b l y  t h e  c o n t r i b u t i n g  f a c t o r  f o r  t h e  b u i l t  u p .  
C H A P T E R  S E V E N  
I S O T O P I C .  F L U I D  I N C L U S I O N  A N D  C H E M I C A L  K I N E T I C  
M O D E L L I N G  S T U D I E S  O F  P O R E  F L U I D  H I S T O R Y  I N  
T H E  N A R R A B E E N  G R O U P  S A N D S T O N E S .  S O U T H E R N  S Y D N E Y  B A S I N  
7 . 1  I N T R O P U C T I O N  
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A n  i n t e g r a t e d  a p p r o a c h  w a s  e m p l o y e d  t o  i n v e s t i g a t e  t h e  a q u e o u s  a n d  
h y d r o c a r b o n  f l u i d  h i s t o r y  d u r i n g  d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  i n  
t h e  s o u t h e r n  S y d n e y  B a s i n .  S u c h  a n  a p p r o a c h  i n c l u d e d  p e t r o l o g i c a l  e x a m i n a t i o n  
( a s  d i s c u s s e d  i n  t h e  l a s t  t w o  c h a p t e r s ) .  a n d  s t a b l e  i s o t o p e  a n d  f l u i d  i n c l u s i o n  
t e c h n i q u e s .  w h i c h  w i l l  b e  d i s c u s s e d  i n  t h i s  c h a p t e r .  
N i n e  s a n d s t o n e  s a m p l e s  w e r e  s e l e c t e d  f o r  t h i s  s t u d y .  T h e y  a r e  f r o m  e i g h t  
b o r e h o l e s  i n  t h e  s o u t h e r n  S y d n e y  B a s i n  ( F i g  7 - 1 )  a n d  f r o m  w i t h i n  a  s t r a t i g r a p h i c  
i n t e r v a l  f r o m  t h e  u p p e r  p a r t  o f  t h e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t  t o  t h e  l o w e r  p a r t  
o f  t h e  U p p e r  B u l g o  O p e r a t i o n a l  U n i t  ( F i g  7 - 2 ) .  O f  t h e s e  n i n e  s a m p l e s .  f o u r  w e r e  
s u b j e c t  t o  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n s .  F u r t h e r  s a m p l e  d e s c r i p t i o n s  a r e  g i v e n  i n  
T a b l e  7 - 1 .  
7 . 2  M E T H O p O L O G Y  
7 . 2 . 1  S T A B L E  I S O T O P E  T E C H N I Q U E  
( i )  M i n e r a l  S e p a r a t i o n  
U s i n g  t h e  t e c h n i q u e s  o u t l i n e d  b y  J a c k s o n  ( 1 9 7 9 ) .  a  < 1 0  ( l m  c l a y  f r a c t i o n  w a s  
o b t a i n e d  f r o m  e a c h  o f  t h e  n i n e  s a m p l e s  a n d  a  p u r e  q u a r t z  s e p a r a t e  f r o m  s i x  o f  
t h e m .  T h e  p r o c e d u r e s  f o r  m i n e r a l  s e p a r a t i o n  a r e  s u m m a r i s e d  i n  F i g  7 - 3 .  
E a c h  ( Q a .  4 0 0  g r a m s )  o f  t h e  s a n d s t o n e  s a m p l e s  w a s  i n i t i a l l y  c l e a n e d  o n  e x t e r i o r  
s u r f a c e s  a n d  d i s a g g r e g a t e d  t o  a  s i z e  l e s s  t h a n  4 5 0  ( l m  b y  b r e a k i n g  a n d  d i s c  
m i l l i n g .  T h e n  c a r b o n a t e s  w e r e  s e p a r a t e d  f r o m  s i l i c a t e s  ( d e t r i t a l  f r a m e w o r k  g r a i n s  
a n d  c l a y  m i n e r a l s )  b y  r e p e a t e d  m a g n e t i c  a n d  h e a v y  l i q u i d  t r e a t m e n t s .  T h e  
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L o c a t i o n s  o f  t h e  b o r e h o l e s  ( u n d e r l i n e d )  f r o m  w h i c h  s a m p l e s  w e r e  
s e l e c t e d  f o r  i s o t o p e  a n d  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n s .  
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Table 7·1 Locations and descriptions of samples. 
Borehole Depth (m) Sample No. Formation Lithology 
Liverpool 91 50S.7 L50S.7 Lower Bulgo off-white, cross bedded, medium grained, 
moderately sorted quartzose litharenite 
South Colah 1 488.2 0488.2 Lower Bulgo off-white, cross bedded, medium grained, 
moderately sorted quartzose litharenite 
South Colah 1 SOO.9 OSOO.9 Scarborough off-white, cross bedded, coarse grained, 
moderately sorted quartzose litharenite 
Campbelltown 2 512.4 Z512.4 Lower Bulgo off-white, cross bedded, medium grained, 
well sorted quartzose litharenite 
Cobbitty 3 531.9 X531.9 Scarborough medium grey, massive, coarse grained, poorly 
sorted sublitharenite 
Campbelltown 5 593.9 Y593.9 Scarborough light grey, cross-bedded, medium grained, well 
sorted quartzose litharenite 
Weromba 2 388.8 W388.8 Lower Bulgo light grey, massive, medium grained, poorly 
sorted litharenite 
Wollongong 45 14S.5 A14S.5 Upper Bulgo off-white, cross-bedded, fine grained, well 
sorted quartzose litharenite 
Cape Banks 3 514.8 J514.8 Scarborough medium grey, cross-bedded, medium grained, 
well sorted litharenite 
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F l o w  c h a r t  s h o w i n g  s t a g e s  i n v o l v e d  i n  m i n e r a l  s e p a r a t i o n  o f  
s a n d s t o n e s .  
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c a r b o n a t e  s e p a r a t e s  w e r e  u s e d  f o r  m e a s u r e m e n t s  o f  o x y g e n  a n d  c a r b o n  i s o t o p e s .  
T h e  s i l i c a t e  p o r t i o n s  w e r e  t h e n  s u b j e c t  t o  f u r t h e r  p h y s i c o - c h e m i c a l  t r e a t m e n t s  t o  
o b t a i n  p u r e  q u a r t z  a n d  c l a y  s e p a r a t e s .  T h e  c h e m i c a l  t r e a t m e n t s  c a n  b e  s i m p l i f i e d  
a s  t h r e e  m a j o r  s t e p s :  b u f f e r  w a s h i n g ,  H
2
0
2  
o x i d a t i o n  a n d  C B D  ( s o d i u m  c i t r a t e  -
b i c a r b o n a t e  - d i t h i o n i t e )  t r e a t m e n t .  T h e  p h y s i c a l  t r e a t m e n t s  r e f e r  t o  s i z e  s e p a r a t i o n  
b y  s i e v i n g ,  g r a v i t y  s e t t l i n g  a n d  c e n t r i f u g a t i o n .  
B u f f e r  w a s h i n g  
I n  o r d e r  t o  p r e v e n t  f l o c c u l a t i o n  o f  c l a y s  a n d  t o  g i v e  e f f e c t i v e  d i s p e r s i o n  o f  t h e m ,  t h e  
s a m p l e  w a s  w a s h e d  b y  a  s l i g h t l y  a c i d i c  N a O A c  b u f f e r  ( 8 2  g  o f  N a O A c  a n d  2 7  m l  o f  
g l a c i a l  H O A c  a c i d  i n  o n e  l i t r e  o f  d i s t i l l e d  w a t e r )  w i t h  a  p H  o f  a b o u t  5 .  T h i s  w a s  d o n e  
b y  a d d i n g  b u f f e r  t o  t h e  s a m p l e  c o n t a i n e d  i n  a  b e a k e r .  T h e  b e a k e r  w a s  t h e n  l e f t  o n  
a  h o t  w a t e r  b a t h  a t  a  t e m p e r a t u r e  o f  a b o u t  6 0  o C  a n d  t h e  s a m p l e  s t i r r e d  w i t h  a  
g l a s s  r o d  f o r  a b o u t  3 0  m i n u t e s .  T h e  s a m p l e  w a s  t h e n  w a s h e d  w i t h  t h e  b u f f e r  t h r e e  
m o r e  t i m e s .  T h e  b u f f e r  w a s h i n g  r e m o v e d  s o l u b l e  s a l t s  a n d  e x c h a n g e a b l e  
p o l y v a l e n t  c a t i o n s  a n d  a s s i s t e d  t h e  d i s s o l u t i o n  o f  C a  a n d  M g  c a r b o n a t e s .  
H
2
0
2  
o x i d a t i o n  
F o l l o w i n g  b u f f e r  w a s h i n g ,  h y d r o g e n  p e r o x i d e  ( H
2
0
2
)  w a s  a d d e d  t o  t h e  b e a k e r  t o  
g i v e  c o m p l e t e  d i s p e r s i o n  o f  c l a y s  a n d  t o  r e m o v e  o r g a n i c  m a t t e r  a n d  M n 0 2 .  T h e  
a m o u n t  a n d  t h e  c o n c e n t r a t i o n  o f  H
2
0
2  
f o r  t h i s  t r e a t m e n t  d e p e n d  o n  t h e  a b u n d a n c e  
o f  o r g a n i c  m a t t e r  i n  t h e  s a m p l e .  F o r  t h e  s a m p l e s  u s e d  i n  t h i s  s t u d y ,  1 0  - 2 0  %  H
2
0
2  
w a s  u s e d  o v e r  a  p e r i o d  o f  t w o  o r  m o r e  d a y s .  A f t e r  t h a t ,  t h e  b e a k e r  w a s  p l a c e d  o n  a  
h o t  w a t e r  b a t h  a t  a  t e m p e r a t u r e  o f  6 0  - 7 0  o C  t o  e v a p o r a t e  u n t i l  t h e  s a m p l e  b e c a m e  
a  p a s t e .  D u r i n g  e v a p o r a t i o n ,  t h e  s a m p l e  w a s  c o n s t a n t l y  s t i r r e d .  T h e  s a m p l e  w a s  
w a s h e d  a g a i n  w i t h  t h e  b u f f e r  t h r e e  m o r e  t i m e s  a n d  t h e n  l e f t  i n  9 5 %  m e t h a n o l  
o v e r n i g h t .  
C B D  t r e a t m e n t  
2 3 6  
T h i s  t r e a t m e n t  a i m s  a t  r e m o v i n g  i r o n  o x i d e s  a n d  h y d r o x i d e s  f r o m  t h e  s a m p l e .  I n  t h e  
b u f f e r e d  n e u t r a l  c i t r a t e  - b i c a r b o n a t e  - d i t h i o n i t e  ( C B O )  s y s t e m ,  s o d i u m  d i t h i o n i t e  
( N a 2 S 2 0 4 )  i s  e m p l o y e d  f o r  r e d u c t i o n ,  s o d i u m  b i c a r b o n a t e  ( p H  7 . 3 )  a s  a  b u f f e r ,  a n d  
s o d i u m  c i t r a t e  a s  a  c h e l a t i n g  o r  c o m p l e x i n g  a g e n t  f o r  f e r r o u s  a n d  f e r r i c  i r o n  i o n s .  
A  m i x t u r e  o f  0 . 3  M  s o d i u m  c i t r a t e  a n d  1  M  s o d i u m  b i c a r b o n a t e  i n  a  r a t i o  o f  8 : 1  w a s  
a d d e d  t o  t h e  s a m p l e .  T h e n  t h e  b e a k e r  w a s  p l a c e d  o n  a  h o t  p l a t e  a n d  t e m p e r a t u r e  
w a s  s t r i c t l y  k e p t  a t  7 5 - 8 0  c C .  A b o u t  2  g m  o f  d i t h i o n i t e  p o w d e r  w a s  a d d e d  t o  t h e  
s a m p l e  a n d  a n o t h e r  1  g m  a f t e r  5  m i n u t e s .  A f t e r  l e a v i n g  t h e  b e a k e r  o n  t h e  h o t  p l a t e  
f o r  1 5 - 2 0  m i n u t e s  d u r i n g  w h i c h  t h e  s a m p l e  w a s  c o n s t a n t l y  s t i r r e d  b y  a n  a u t o m a t i c  
s t i r r e r ,  t h e  s a m p l e  w a s  t h e n  t r e a t e d  w i t h  a c e t o n e  t o  p r o m o t e  f l o c c u l a t i o n .  
F o l l o w i n g  t h e  C B O  t r e a t m e n t ,  t h e  s a m p l e  w a s  w a s h e d  w i t h  1  M  N a C I  s e v e r a l  t i m e s  
u n t i l  t h e  s m e l l  o f  d i t h i o n i t e  a n d  t h e  y e l l o w i s h  c o l o u r  o f  t h e  s u p e r n a t a n t  
d i s a p p e a r e d .  T h e n  e t h a n o l  w a s  a d d e d  t o  t h e  b e a k e r  t o  w a s h  t h e  s a m p l e .  F i n a l l y  
t h e  s a m p l e  w a s  l e f t  i n  0 . 1  M  s o d i u m  h e x a m e t a p h o s p h a t e  ( c a l g o n )  a n d  w a s  r e a d y  
f o r  s i z e  s e p a r a t i o n  
S i z e  S e p a r a t i o n  
M i c r o s c o p i c  e x a m i n a t i o n  o f  s i z e  f r a c t i o n s  o f  t h e  s i l i c a t e  s e p a r a t e s  i n d i c a t e d  t h a t  
d e t r i t a l  q u a r t z  g r a i n s  w i t h  a  s i z e  o f  2 5 0 - 1 8 0  I l m  h a v e  t h e  g r e a t e s t  p r o p o r t i o n  o f  
q u a r t z  o v e r g r o w t h s  a n d  l e a s t  a m o u n t  o f  c o m p o s i t e  g r a i n s .  T h u s  t h e  2 5 0 - 1 8 0  I l m  
s i l i c a t e  s e p a r a t e s  w e r e  u s e d  t o  o b t a i n  p u r e  q u a r t z  s e p a r a t e s .  
T h e  2 5 0 - 1 8 0  I l m  f r a c t i o n  w a s  o b t a i n e d  b y  w e t  s i e v i n g .  I t  w a s  w a s h e d  w i t h  d i s t i l l e d  
w a t e r  a  f e w  t i m e s  a n d  t h e  s u p e r n a t a n t  c o n t a i n i n g  f i n e r  p a r t i c l e s  f r o m  e a c h  w a s h i n g  
w a s  t r a n s f e r r e d  b a c k  t o  t h e  < 1 8 0  I l m  f r a c t i o n .  T h e n  t h e  2 5 0 - 1 8 0  I l m  f r a c t i o n  w a s  
w a s h e d  w i t h  w a t e r  s e v e r a l  m o r e  t i m e s .  T h e  s u p e r n a t a n t  f r o m  e a c h  w a s h i n g  i n  
w h i c h  f l a k y  m i n e r a l s  s u c h  a s  m i c a s  w e r e  s u s p e n d e d  w a s  d e c a n t e d .  
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N e x t  3 0 %  H C I  a c i d  w a s  a d d e d  t o  t h e  b e a k e r  c o n t a i n i n g  t h e  2 5 0 - 1 8 0  I l m  f r a c t i o n  
a n d  t h e  b e a k e r  w a s  l e f t  o n  a  h o t  w a t e r  b a t h  a t  a  t e m p e r a t u r e  o f  6 0 - 7 0  o C  t o  s p e e d  
u p  t h e  r e a c t i o n  b e t w e e n  t h e  a c i d  a n d  t h e  u n s t a b l e  m i n e r a l s  s u c h  a s  c a r b o n a t e s  
l e f t  f r o m  p r e v i o u s  N a O A c  b u f f e r  w a s h i n g .  T h e  a c i d  t r e a t m e n t  m a y  b e  r e p e a t e d  a  
f e w  t i m e s  u n t i l  n o  r e a c t i o n  b e t w e e n  H C I  a n d  u n s t a b l e  m i n e r a l s  i n  t h e  c o a r s e  
f r a c t i o n  c o u l d  b e  o b s e r v e d .  A f t e r w a r d s  t h e  2 5 0 - 1 8 0  I l m  f r a c t i o n  w a s  w a s h e d  w i t h  
w a t e r ,  t h e n  a c e t o n e  a n d  f i n a l l y  d r i e d .  T h e  d r y  c o a r s e  f r a c t i o n  w a s  t r e a t e d  b y  h e a v y  
l i q u i d  s e p a r a t i o n  t e c h n i q u e  a n d  /  o r  f u s i o n  w i t h  N a H S 0
4  
t o  o b t a i n  > 9 5  %  p u r e  
q u a r t z .  P u r i t y  o f  q u a r t z  s e p a r a t e s  w a s  d e t e r m i n e d  b y  e x a m i n a t i o n  o f  g r a i n  m o u n t s  
u n d e r  b i n o c u l a r  m i c r o s c o p e  a n d  S E M .  P u r e  q u a r t z  s e p a r a t e s  w e r e  o b t a i n e d  f o r  s i x  
o f  t h e  n i n e  s a m p l e s .  
T h e  < 1 8 0  I l m  f r a c t i o n  w a s  s e p a r a t e d  i n t o  1 8 0 - 1 2 5  I l m ,  1 2 5 - 4 5  I l m ,  4 5 - 2 0  I l m ,  2 0 -
1 0  I l m ,  1 0 - 5  I l m ,  5 - 2  I l m  a n d  l e s s  t h a n  2  I l m  f r a c t i o n s  b y  g r a v i t y  s e t t l i n g  ( h e r e  t h e  
g r a i n  s i z e  i s  e q u i v a l e n t  s p h e r e  d i a m e t e r ) .  T h e  < 2  I l m  f r a c t i o n  w a s  f u r t h e r  
s e p a r a t e d  i n t o  2 - 1  I l m ,  1 - 0 . 2 I l m  a n d  < 0 . 2 I l m  f r a c t i o n s  b y  a  h i g h  s p e e d  c e n t r i f u g e .  
( i i )  A n a l y t i c a l  P r o c e d u r e s  
F o r  i s o t o p i c  a n a l y s e s  o f  c a r b o n a t e s ,  a p p r o x i m a t e l y  1 5  m g  m a t e r i a l s  w e r e  u s e d .  
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w a s  r e l e a s e d  f r o m  c a l c i t e  b y  r e a c t i o n  o v e r n i g h t  w i t h  1 0 0  %  p h o s p h o r i c  a c i d  a t  
2 5  o C  a n d  C O
2  
w a s  r e l e a s e d  f r o m  s i d e r i t e  a n d  a n k e r i t e  b y  r e a c t i n g  w i t h  
p h o s p h o r i c  a c i d  f o r  3  h o u r s  a t  1 0 0  ° C .  T h e  c a r b o n  d i o x i d e  w a s  s e p a r a t e d  f r o m  
w a t e r  v a p o u r  b y  u s i n g  a  r e f r i g e r a t e d  a c e t o n e  ( s a t u r a t e d  w i t h  d r y  i c e )  t r a p  i n  w h i c h  
C O
2  
d o e s  n o t  f r e e z e  a n d  H
2
0  d o e s .  T o  c a l c u l a t e  t h e  o x y g e n  i s o t o p e  r e s u l t s  f o r  
c a r b o n a t e s ,  t h e  e m p l o y e d  o x y g e n  f r a c t i o n a t i o n  f a c t o r s  ( a )  b e t w e e n  t h e  / )
1 8
0  o f  t h e  
c a r b o n a t e  a n d  t h a t  o f  t h e  H
3
P 0
4  
- e x t r a c t e d  C O
2  
a r e  1 . 0 1 0 2 5  f o r  c a l c i t e  a t  2 5  ° C  
( R o s e n b a u m  a n d  S h e p p a r d ,  1 9 8 6 ,  m o d i f i e d  f r o m  S h a r m a  a n d  C l a y t o n ,  1 9 6 5 ) ,  
1 . 0 0 8 8 1  a t  1 0 0  O C  f o r  s i d e  r i t e  a n d  1 . 0 0 9 0 1  a t  1 0 0  O C  f o r  a n k e r i t e  ( R o s e n b a u m  a n d  
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S h e p p a r d ,  1 9 8 6 )  ( a  a n d  0  w i l l  b e  d e f i n e d  i n  l a t e r  p a r a g r a p h s ) .  
T o  a n a l y s e  t h e  o x y g e n  i s o t o p e  o f  q u a r t z  o v e r g r o w t h s ,  t h e  2 5 0 - 1 8 0  p u r e  q u a r t z  
s e p a r a t e s  w e r e  u s e d  f o l l o w i n g  t h e  m e t h o d  o f  L e e  a n d  S a v i n  ( 1 9 8 5 ) .  E a c h  o f  t h e  
s i x  q u a r t z  s e p a r a t e s  w a s  s o a k e d  i n  5 0 %  H F  a c i d  f o r  5  m i n u t e s .  T h e  H F  a c i d  
p r e f e r e n t i a l l y  a t t a c k s  t h e  w e a k l y  b o u n d e d  b o u n d a r i e s  b e t w e e n  t h e  o v e r g r o w t h s  
a n d  t h e  d e t r i t a l  c o r e  ( F i g s  7 - 4  &  7 - 5 ) .  A f t e r  n e u t r a l i s a t i o n  o f  t h e  H F  a c i d ,  t h e  q u a r t z  
s e p a r a t e s  w e r e  t r e a t e d  w i t h  u l t r a - h i g h  f r e q u e n c y  s o n i c  v i b r a t i o n  i n  d i s t i l l e d  w a t e r ,  
l e a d i n g  t o  o v e r g r o w t h  d e t a c h m e n t  a n d  c o n c e n t r a t i o n  t o w a r d s  f i n e r  s i z e  f r a c t i o n s .  
F o u r  r e s u l t a n t  s i z e  f r a c t i o n s  ( 2 5 0 - 1 8 0 , 1 8 0 - 1 2 5 , 1 2 5 - 7 5 ,  a n d  7 5 - 2 0  I l m ) ,  t o g e t h e r  
w i t h  t h e  2 5 0 - 1 8 0  I l m  f r a c t i o n  w i t h o u t  H F  t r e a t m e n t s ,  w e r e  u s e d  f o r  o x y g e n  i s o t o p e  
a n a l y s e s .  
F o r  i s o t o p i c  a n a l y s e s  o f  c l a y  m i n e r a l s ,  t h e  f i n e r  c l a y  f r a c t i o n s  ( 1 0 - 5 ,  5 - 2 ,  2 - 1 ,  1 - 0 . 2 ,  
a n d  < 0 . 2  I l m )  w e r e  u s e d .  T h e y  w e r e  f i r s t  e x a m i n e d  b y  X - r a y  d i f f r a c t i o n  ( X R D ) .  O n l y  
t h e  f r a c t i o n ,  o f  w h i c h  o n e  s i n g l e  c l a y  m i n e r a l  a c c o u n t s  f o r  m o r e  t h a n  9 0 %  ,  w a s  
u s e d .  
F o r  e a c h  a n a l y s i s  o f  o x y g e n  i s o t o p e  r a t i o  o f  c l a y s  a n d  q u a r t z ,  1 0  - 1 5  m g  m a t e r i a l s  
w e r e  u s e d .  O x y g e n  w a s  r e l e a s e d  f r o m  c l a y  a n d  q u a r t z  b y  r e a c t i o n  o v e r n i g h t  w i t h  
b r o m i n e  p e n t a f l u o r i d e  ( B r F  5 )  a t  5 5 0  c C  ( C l a y t o n  a n d  M a y e d a ,  1 9 6 3 )  a n d  t h e n  
c o n v e r t e d  t o  C O
2  
b y  r e a c t i n g  w i t h  a  h o t  g r a p h i t e  r o d .  C l a y s  w e r e  p r e h e a t e d  i n  t h e  
r e a c t i o n  v e s s e l s  f o r  t w o  h o u r s  a t  a  t e m p e r a t u r e  o f  a b o u t  2 0 0  c C  t o  r e m o v e  
a b s o r p t i o n  w a t e r .  
F o r  d e u t e r i u m  d e t e r m i n a t i o n ,  a  m i n i m u m  a m o u n t  o f  1 0 0  m g  s a m p l e  i s  r e q u i r e d .  
F o l l o w i n g  o v e r n i g h t  d e g a s s i n g  a t  1 2 0  c C ,  t h e  c l a y s  w e r e  m e l t e d  u n d e r  v a c u u m  a t  
1 1 0 0  c C  .  T h e  r e l e a s e d  w a t e r  w a s  r e d u c e d  t o  h y d r o g e n  b y  r e a c t i n g  w i t h  u r a n i u m  
( B i g e l e i s e n  e t  a I . ,  1 9 5 2 ) .  
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Fig 7-4 A typical detrital quartz grain with quartz overgrowths. From 
Campbelltown 2 at drilling depth of 512.4 m (sample Z512.4). 
Fig 7-5 A detrital quartz grain with quartz overgrowths treated with HF 
acid. HF acid preferentially attacks the weekly bounded boundaries between the 
detrital cores and overgrowths. After treatment of ultra-sonic vibration, quartz 
overgrowths will detach from the detrital cores and concentrate into progressively 
finer sized fractions. From Liverpool 91 at drilling depth of 506.7 m (sample 
L506.7). 
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Oxygen and carbon isotope ratios were measured with reference to carbon dioxide 
from a calcite standard and hydrogen isotope ratios were measured with reference 
to hydrogen from a water standard in a Micromass 602 D mass spectrometer, 
which is located in The Division of CSIRO Exploration Geoscience at North Ryde, 
New South Wales. The raw data were corrected using the methods of Craig (1957) 
and Deines (1970). Isotope ratios are reported in the usual delta per mil (I) %0 ) 
notation as parts per 103 deviation from a standard ratio. The /i value is defined as 
I) %0 - (I\ample -I\tandard) / Rstandard x 1000 
where R is the isotope ratio. For oxygen and deuterium the internationally accepted 
standard is the Standard Mean Ocean Water (SMOW) and for carbon it is the 
Belemnjtella amerjcana from the Cretaceous PeeDee Formation (PDB), South 
Carolina. The oxygen and hydrogen isotope data are reported with respect to 
SMOW and the carbon isotope data with respect to PDB. Precision of /i13C and 
/i180 for carbonate is +/- 0.1 %0, that of 1)180 for silicates +/-0.25 %0, and that of I)D 
for clays +/- 2 %0. 
Potassium abundances of a few illite separates selected for age determination 
were determined in duplicate by flame photometry. Argon isotope composition and 
abundance were determined from gas released by fusion under vacuum with a 
noble gas mass spectrometer, which is located in The Research School of Earth 
Sciences, Australian National University, Canberra, ACT. These K-Ar analyses 
were conducted by Dr Joe Hamilton. 
7.2.2 FLUID INCLUSION TECHNIQUE 
Most sandstone diagenesis involves overgrowths on original minerals (e.g. quartz 
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o v e r g r o w t h s )  o r  g r o w t h  o f  n e w  m i n e r a l s .  T h e  n e w  g r o w t h  o f  d i a g e n e t i c  m i n e r a l s  
m a y  t r a p  f l u i d s  a s  i n c l u s i o n s ,  w h i c h  c a n  p r o v i d e  d a t a  n o t  o n l y  o n  t h e  c o m p o s i t i o n ,  
p r e s s u r e  a n d  d e n s i t y  o f  t h e  f l u i d s  p r e s e n t  d u r i n g  d i a g e n e s i s ,  b u t  p a r t i c u l a r l y  
t e m p e r a t u r e  a t  w h i c h  t h e  h o s t  m i n e r a l  c r y s t a l l i s e d .  T h e  u s e  o f  f l u i d  i n c l u s i o n s  f o r  
d e c i p h e r i n g  t h e  t r a p p i n g  t e m p e r a t u r e  o f  f l u i d  i n c l u s i o n s  ( f o r m a t i o n  t e m p e r a t u r e  o f  
h o s t  m i n e r a l )  i s  m a d e  p o s s i b l e  b y  d i f f e r e n t i a l  s h r i n k a g e  o f  t h e  h o s t  m i n e r a l  a n d  t h e  
i n c l u s i o n  f l u i d  o n  c o o l i n g  f r o m  t h e  t e m p e r a t u r e  o f  t r a p p i n g  t o  t h a t  o f  o b s e r v a t i o n  
( R o e d d e r ,  1 9 8 4 ) .  T h e  f l u i d  s h r i n k s  f a r  m o r e  t h a n  t h e  h o s t  m i n e r a l  a n d  t h e  
d i f f e r e n c e  s h o w s  u p  a s  a  b u b b l e  i n  t h e  f l u i d  a t  r o o m  t e m p e r a t u r e .  I f  t h i s  p r o c e s s  i s  
r e v e r s e d  a n d  t h e  s a m p l e  i s  h e a t e d  u p  u n t i l  t h e  b u b b l e  d i s a p p e a r s  ( L e .  t h e  f l u i d  
i n c l u s i o n  h o m o g e n i s e s ) ,  t h e  b u b b l e  d i s a p p e a r a n c e  t e m p e r a t u r e  ( h o m o g e n i s a t i o n  
t e m p e r a t u r e  o f  f l u i d  i n c l u s i o n s )  c a n  b e  o b t a i n e d .  
A  w a f e r  a b o u t  5 0  ~m t h i c k  a n d  p o l i s h e d  o n  b o t h  s i d e s  w a s  p r e p a r e d  f o r  
i n v e s t i g a t i o n  o f  f l u i d  i n c l u s i o n s  b y  p e t r o l o g i c a l  m i c r o s c o p e .  T h e  b u b b l e  
d i s a p p e a r a n c e  t e m p e r a t u r e s  ( h o m o g e n i s a t i o n  t e m p e r a t u r e s )  a n d  i c e  m e l t i n g  p o i n t  
t e m p e r a t u r e s  w e r e  m e a s u r e d  o n  p i e c e s  c u t  f r o m  t h e  w a f e r  w i t h  a  C h a i x  M e c c a  
h e a t i n g  - f r e e z i n g  c h a m b e r  m o u n t e d  o n  a  p e t r o l o g i c a l  m i c r o s c o p e .  T h e  
m e a s u r e m e n t s  w e r e  m a d e  b y  o b s e r v i n g  t h e  p h a s e  c h a n g e s  w i t h i n  t h e  f l u i d  
i n c l u s i o n  w h i l e  t h e  s a m p l e  w a s  b e i n g  h e a t e d  o r  c o o l e d .  
T o  d e t e r m i n e  h o m o g e n i s a t i o n  t e m p e r a t u r e s ,  t h e  s a m p l e  w a s  h e a t e d  f a s t e r  ( 5  C C  /  
m i n )  a t  f i r s t  a n d  t h e n  t h e  h e a t i n g  r a t e  w a s  s l o w e d  d o w n  ( 1  o C  /  m i n )  w h e n  
h o m o g e n i s a t i o n  w a s  c o n s i d e r e d  t o  b e  i m m i n e n t .  H o m o g e n i s a t i o n  t e m p e r a t u r e  
w a s  t a k e n  a s  t h e  m e a n  v a l u e  o f  t h e  h i g h e s t  t e m p e r a t u r e  a t  w h i c h  t h e  g a s  b u b b l e  
w i t h i n  t h e  i n c l u s i o n  w a s  o b s e r v e d  a n d  t h e  l o w e s t  t e m p e r a t u r e  a t  w h i c h  t h e  b u b b l e  
w a s  n o t  o b s e r v e d .  W h e n  h o m o g e n i s a t i o n  w a s  c o n s i d e r e d  t o  h a v e  t a k e n  p l a c e ,  t h e  
t e m p e r a t u r e  w a s  l o w e r e d  a  f e w  d e g r e e s .  I f  t h e  g a s  b u b b l e  r e a p p e a r e d ,  t h i s  m e a n t  
t h a t  h o m o g e n i s a t i o n  h a d  n o t  t a k e n  p l a c e  y e t  a s  f i r s t  t h o u g h t .  I f  t h e  g a s  b u b b l e  d i d  
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n o t  r e a p p e a r  u n t i l  t h e  t e m p e r a t u r e  w a s  l o w e r e d  m o r e  t h a n  1 0  o C ,  t h i s  m e a n t  t h a t  
h o m o g e n i s a t i o n  h a d  f i n a l l y  t a k e n  p l a c e .  
F o r  m e a s u r e m e n t s  o f  i c e  m e l t i n g  p o i n t  t e m p e r a t u r e s ,  t h e  s a m p l e  w a s  c o o l e d  d o w n  
t o  a p p r o x i m a t e l y  - 5 0  ° C  t o  - 6 0  ° C  s o  t h a t  t h e  f l u i d  i n c l u s i o n s  w e r e  f r o z e n .  T h e n  t h e  
s a m p l e  w a s  h e a t e d  u p  a t  a  h i g h e r  r a t e  ( 3  ° C  I  m i n )  a t  b e g i n n i n g  a n d  t h e n  a t  a  
l o w e r  r a t e  ( 0 . 2 5  ° C  /  m i n )  w h e n  t h e  g a s  b u b b l e  w i t h i n  t h e  i n c l u s i o n  w a s  c o n s i d e r e d  
t o  s t a r t  t o  m o v e  i m m i n e n t l y .  T h e  h e a t i n g  c o n t i n u e d  u n t i l  t h e  g a s  b u b b l e  w i t h i n  t h e  
f l u i d  i n c l u s i o n  s t a r t e d  t o  m o v e .  T h e  i c e  m e l t i n g  p o i n t  t e m p e r a t u r e  w a s  t a k e n  a s  t h e  
m e a n  v a l u e  o f  t h e  h i g h e s t  t e m p e r a t u r e  a t  w h i c h  t h e  g a s  b u b b l e  w i t h i n  t h e  i n c l u s i o n  
w a s  i m m o b i l e  a n d  t h e  l o w e s t  t e m p e r a t u r e  a t  w h i c h  t h e  b u b b l e  s t a r t e d  t o  m o v e .  T h e  
i c e  m e l t i n g  p o i n t  t e m p e r a t u r e  w a s  u s e d  t o  d e t e r m i n e  s a l i n i t y  o f  a q u e o u s  s a l t  
s o l u t i o n s  i n  t h e  s e d i m e n t s .  
H o m o g e n i s a t i o n  t e m p e r a t u r e s  w e r e  e s t i m a t e d  t o  b e  a c c u r a t e  t o  + / - 2  ° C  w i t h  a  
p r e c i s i o n  o f  + / - 1  ° C .  I c e  m e l t i n g  p o i n t  t e m p e r a t u r e s  w e r e  a c c u r a t e  t o  + / - 0 . 5  ° C  w i t h  
a  p r e c i s i o n  o f  + / - 0 . 2 5  ° C .  
T h e  h o m o g e n i s a t i o n  t e m p e r a t u r e  i s  t h e  m i n i m u m  e n t r a p m e n t  t e m p e r a t u r e  o f  t h e  
f l u i d  i n c l u s i o n  a n d  t h e  e n d  p o i n t  f o r  a n  i s o c h o r e ,  w h i c h  i s  t h e  t e m p e r a t u r e  -
p r e s s u r e  r e l a t i o n s h i p  a t  c o n s t a n t  d e n s i t y .  T h e  i s o c h o r e  f o r  a n  a q u e o u s  s a l t  s o l u t i o n  
i s  p r e d i c t a b l e  i f  t h e  s a l t  c o n t e n t  o f  t h e  s o l u t i o n ,  w h i c h  c a n  b e  c a l c u l a t e d  f r o m  t h e  
d e p r e s s i o n  o f  t h e  i c e  m e l t i n g  p o i n t ,  a n d  t h e  h o m o g e n i s a t i o n  t e m p e r a t u r e  a r e  
k n o w n .  T h e  i s o c h o r e  f o r  h y d r o c a r b o n  i n c l u s i o n s  c a n  n o t  b e  p r e d i c t e d  b a s e d  o n  
m e a s u r e m e n t s  o f  i c e  m e l t i n g  p o i n t s .  T o  p r e d i c t  t h e  i s o c h o r e  r e q u i r e s  d e t a i l e d  
c o m p o s i t i o n a l  d a t a  o f  t h e  h y d r o c a r b o n  i n c l u s i o n s .  I f  t h e  p r e s s u r e ,  a t  w h i c h  t h e  
a q u e o u s  f l u i d  i n c l u s i o n s  w e r e  t r a p p e d ,  i s  i n d e p e n d e n t l y  k n o w n ,  t h e  e n t r a p m e n t  
t e m p e r a t u r e s  o f  t h e  i n c l u s i o n s  c a n  b e  d e d u c e d  a n d  v i c e  v e r s a .  
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U s i n g  u l t r a - v i o l e t  a n d  v i o l e t  i l l u m i n a t i o n  a n d  s h o r t  w a v e l e n g t h  b a r r i e r  f i l t e r s ,  
h y d r o c a r b o n  f l u i d  i n c l u s i o n s  w e r e  i d e n t i f i e d  b y  t h e i r  f l u o r e s c e n c e  ( B u r r u s s ,  1 9 8 1 ) .  
T h e  f l u o r e s c e n c e  o r i g i n a t e s  i n  a  t r a c e  a m o u n t  o f  c o m p o u n d s  w i t h  c o n j u g a t e d  
b o n d s ,  i . e .  c o n d e n s e d  a r o m a t i c  h y d r o c a r b o n s .  T h e  3 ,  4 ,  a n d  5  c o n d e n s e d  
a r o m a t i c  h y d r o c a r b o n s  f l u o r e s c e n c e  w i t h  b l u e ,  g r e e n ,  a n d  r e d  l i g h t  r e s p e c t i v e l y .  
A s  o i l  m a t u r e s ,  t h e  i n t e n s i t y  o f  b l u e  f l u o r e s c e n c e  i n c r e a s e s .  
A  l e n g t h y  d i s c u s s i o n  o f  c a t e g o r i e s  o f  f l u i d  i n c l u s i o n s  w a s  m a d e  b y  R o e d d e r  ( 1 9 8 4 ) .  
I n  t h i s  t h e s i s ,  o n l y  p r i m a r y  a n d  s e c o n d a r y  i n c l u s i o n s  w e r e  d i s c u s s e d  e v e n  t h o u g h  
o t h e r  c a t e g o r i e s  o f  f l u i d  i n c l u s i o n s  ( R o e d d e r ,  1 9 8 4 )  w e r e  r e c o g n i s e d .  P r i m a r y  
i n c l u s i o n s  a r e  d e f i n e d  a s  t h o s e  f o r m e d  d u r i n g  c r y s t a l l i s a t i o n  o f  t h e  h o s t  c r y s t a l  a n d  
t h e y  s h o u l d  b e  a l i g n e d  p a r a l l e l  t o  c r y s t a l  g r o w t h  f a c e s .  S e c o n d a r y  i n c l u s i o n s  a r e  
d e f i n e d  a s  t h o s e  f o r m e d  a f t e r  c r y s t a l l i s a t i o n  o f  t h e  h o s t  c r y s t a l  a n d  a r e  f o r m e d  
d u r i n g  t h e  h e a l i n g  o f  f r a c t u r e s .  
F l u i d  i n c l u s i o n s  a t  t h e  b o u n d a r y  o f  t h e  d e t r i t a l  q u a r t z  c o r e  a n d  q u a r t z  o v e r g r o w t h s  
a n d  w i t h i n  t h e  q u a r t z  o v e r g r o w t h s  w e r e  f o r m e d  d u r i n g  p r e c i p i t a t i o n  o f  t h e  
o v e r g r o w t h s  a n d  t h u s  t h e y  a r e  p r i m a r y  i n c l u s i o n s .  F l u i d  i n c l u s i o n s  i n  c u r v e d  a n d  
l i n e a r  a r r a y s ,  w h i c h  c u t  b o t h  t h e  d e t r i t a l  q u a r t z  c o r e  a n d  t h e  q u a r t z  o v e r g r o w t h s ,  
a r e  r e g a r d e d  a s  d e c o r a t i n g  h e a l e d  f r a c t u r e s  a n d  w e r e  f o r m e d  a f t e r  p r e c i p i t a t i o n  o f  
t h e  q u a r t z  o v e r g r o w t h s .  T h u s  t h e y  a r e  s e c o n d a r y  i n c l u s i o n s .  
7 , 3  S T A B L E  I S O T O P E  I N V E S T I G A T I O N  
7 . 3 . 1  I S O T O P E  G E O C H E M I S T R Y  
S t a b l e  i s o t o p e s  ( 0 ,  C  a n d  H )  a r e  w i d e l y  u s e d  a s  v a l u a b l e  t r a c e r s  o f  l o w  
t e m p e r a t u r e  w a t e r  - r o c k  i n t e r a c t i o n s .  1 )
1 8
0  a n d  1 ) 0  o f  t h e  f o r m a t i o n  f l u i d  p r o v i d e  a  
d i a g n o s t i c  s i g n a t u r e  o f  b o t h  t h e  s o u r c e  ( e . g .  s e a w a t e r  o r  m e t e o r i c  w a t e r )  a n d  o f  
i m p o r t a n t  p h y s i c a l  a n d  c h e m i c a l  p r o c e s s e s  b y  w h i c h  t h e  f o r m a t i o n  f l u i d  w a s  
m o d i f i e d  d u r i n g  i t s  e v o l u t i o n .  1 )
1 8
0  a n d  1 ) 0  o f  d i a g e n e t i c  m i n e r a l s  c h a r a c t e r i s e  t h e  
2 4 4  
f e a t u r e s  o f  t h e  f o r m a t i o n  f l u i d  w i t h  w h i c h  t h e y  w e r e  e q u i l i b r a t e d  d u r i n g  
s e d i m e n t a r y  d i a g e n e s i s .  I n  a d d i t i o n ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  t h e  p r e c i p i t a t i o n  
t e m p e r a t u r e  o r  t e m p e r a t u r e  r a n g e  o f  d i a g e n e t i c  m i n e r a l s  c a n  b e  c a l c u l a t e d  f r o m  
t h e i r  o x y g e n  i s o t o p e  r a t i o s .  
D i f f e r e n t  t y p e s  o f  w a t e r s  h a v e  d i f f e r e n t  0
1 8
0  a n d  0 0  c o m p o s i t i o n s .  B y  d e f i n i t i o n  
o c e a n  w a t e r  h a s  0
1 8
0  =  0 0  =  O .  H o w e v e r ,  m e t e o r i c  w a t e r s  a r e  
1 8
0  a n d  0  d e p l e t e d  
w i t h  r e g a r d  t o  o c e a n  w a t e r  d u e  t o  f r a c t i o n a t i o n  d u r i n g  e v a p o r a t i o n  a n d  
p r e c i p i t a t i o n .  T h e  e x a c t  v a l u e s  o f  0
1 8
0  a n d  0 0  i n  m e t e o r i c  w a t e r  v a r y  t o  a  l a r g e  
e x t e n t  d e p e n d i n g  u p o n  a l t i t u d e ,  l a t i t u d e  a n d  d i s t a n c e  f r o m  o c e a n  ( D a n s g a a r d ,  
1 9 6 4 ;  Y u r t s e v e r  a n d  G a t ,  1 9 8 1 ) .  C r a i g  ( 1 9 6 1 )  f i r s t  d e f i n e d  t h e  r e l a t i o n s h i p  o f  
i s o t o p i c  c o m p o s i t i o n s  o f  m e t e o r i c  w a t e r  a s  0 0  =  8 8
1 8
0  +  1 0 .  W i t h  b u r i a l ,  f o r m a t i o n  
w a t e r s  s h o w  o v e r a l l  t r e n d s  t o  i n c r e a s i n g  8
1
S O  d u e  t o  e x c h a n g e  w i t h  1 8 0 - e n r i c h e d  
f r a m e w o r k  s i l i c a t e s  ( C r a i g ,  1 9 6 6 ;  H i t c h o n  a n d  F r i e d m a n ,  1 9 6 9 ;  L a n d ,  1 9 8 0 ) .  
8
1
3 C  c a n  b e  d i a g n o s t i c  o f  c a r b o n  s o u r c e  f o r  d i a g e n e t i c  c a r b o n a t e s ,  w h i c h  m e a n s  
t h a t  t h e  c a r b o n  i n  c a r b o n a t e s  i s  f r o m  o c e a n  w a t e r  o r  d e g r a d i n g  o r g a n i c  m a t t e r .  T h e  
c a r b o n  f r o m  t h e  l a t t e r  s o u r c e  i s  d e p t h  r e l a t e d  ( I r w i n  e t  a i ,  1 9 7 7 ) .  S o o n  a f t e r  
s e d i m e n t s  a r e  b u r i e d ,  b a c t e r i a l  o x i d a t i o n  a n d  b a c t e r i a l  s u l p h a t e  r e d u c t i o n  p r o d u c e  
C O
2  
w i t h  8
1 3
C  s i m i l a r  t o  t h a t  o f  t h e  p a r e n t  o r g a n i c  m a t t e r ,  i . e .  - 2 5  % 0 .  O n c e  t h e  
a v a i l a b l e  s u l p h a t e  i s  e x h a u s t e d ,  b a c t e r i a l  f e r m e n t a t i o n  t a k e s  p l a c e  p r o d u c i n g  C O
2  
w i t h  8
1 3
C  o f  a b o u t  + 1 5  % 0 ,  c e r t a i n l y  p o s i t i v e .  A s  t h e  b u r i a l  o f  s e d i m e n t s  c o n t i n u e s ,  
t h e r m a l l y  - i n d u c e d  d e c a r b o x y l a t i o n  ( a b i o t i c  r e a c t i o n )  a t  g r e a t e r  d e p t h  o p e r a t e s ,  
p r e d o m i n a n t l y  p r o d u c i n g  C O
2  
w i t h  8
1 3
C  o f  a r o u n d  - 2 0  % 0 .  
T h e  s t a b l e  i s o t o p e  e q u i l i b r i u m  f r a c t i o n a t i o n  f a c t o r  f o r  t w o  p h a s e s ,  A  a n d  B ,  i s  
d e f i n e d  a s :  ( l A . B  = R A I f I B  w h e r e  R  =  
1 8
0 /
1 6
0 ,  1 3 C / 1 2 C ,  D / H ,  e t  a l .  T h e  o x y g e n  i s o t o p e  
2 4 5  
f r a c t i o n a t i o n  f a c t o r s  f o r  m i n e r a l  p a i r s  o r  m i n e r a l - w a t e r  p a i r s  a A - B  c a n  b e  
d e t e r m i n e d  e x p e r i m e n t a l l y .  T h e y  a r e  t e m p e r a t u r e  d e p e n d e n t .  T h e  t e m p e r a t u r e  
d e p e n d e n c e  o f  a  f o r m s  t h e  b a s i s  o f  o x y g e n  - i s o t o p e  g e o c h e m i s t r y .  T h e  q u a n t i t y  
c a l l e d  p e r m i l  f r a c t i o n a t i o n ,  1 0
3
1 n  a A - B  ( O ' N e i l ,  1 9 7 9 ) ,  c a n  b e  e s t i m a t e d  b y  t h e  
f o l l o w i n g  e q u a t i o n :  
~A-B =  1  0 3 1 n  a A - B  =  ( 0 . - 1  ) 1 0
3  
=  S A  - S B  
I f  t h e  p e r m i l  f r a c t i o n a t i o n  i s  l a r g e r  t h a n  1 0 ,  w h i c h  i s  u s u a l l y  t h e  c a s e  f o r  m i n e r a l s  
f o r m e d  a t  l o w  t e m p e r a t u r e s ,  t h e  a b o v e  a p p r o x i m a t i o n  b e c o m e s  i n a c c u r a t e  a n d  i t  i s  
b e t t e r  t o  d e t e r m i n e  ~A-B p r e c i s e l y  ( L o n g s t a f f e ,  1 9 8 3 ) .  
E q u i l i b r i u m  f r a c t i o n a t i o n  o f  o x y g e n  i s o t o p e s  b e t w e e n  p o r e  w a t e r  a n d  o x y g e n  
b e a r i n g  d i a g e n e t i c  m i n e r a l  i s  a s s u m e d  f o r  t h e  d i a g e n e t i c  c e m e n t  f o r m a t i o n .  T h e  
t e m p e r a t u r e  d e p e n d e n c e  i s  e x p r e s s e d  i n  t h e  f o r m  o f  1 0
3
1 n a  =  A T - 2  +  B  w h e r e  A  
a n d  B  a r e  c o n s t a n t s ,  T  i s  t e m p e r a t u r e  i n  o K ,  a n d  a  i s  t h e  f r a c t i o n a t i o n  f a c t o r  e q u a l  
t o  ( 1 0
3  
+  S 1 8 0 m i n e r a l )  /  ( 1 0
3  
+  S 1 8 0 w a l e r ) '  T h e  i n t e r d e p e n d e n c y  o f  t e m p e r a t u r e  a n d  
S 1 8 0  o f  p o r e  w a t e r  m e a n s  t h a t  i f  o n e  i s  k n o w n  o r  c a n  b e  a s s u m e d  t h e  o t h e r  c a n  b e  
c a l c u l a t e d  a c c o r d i n g  t o  t h e  k n o w n  e q u a t i o n s  f o r  d i f f e r e n t  d i a g e n e t i c  m i n e r a l s ,  
w h i c h  a r e  p r e s e n t e d  i n  T a b l e  7 - 2 .  
7 . 3 . 2  R E S U L T S  O F  S T A B L E  I S O T O P E  D E T E R M I N A T I O N S  
( i )  C a r b o n a t e s  
A  t o t a l  o f  1 1  c a r b o n a t e s  f r o m  e i g h t  s a n d s t o n e  s a m p l e s ,  w h i c h  c o n s i s t  o f  8  s i d e r i t e s ,  
2  a n k e r i t e s  a n d  1  c a l c i t e ,  w e r e  a n a l y s e d  a n d  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  7 -
3 .  A l l  b u t  o n e  ( a  g r a i n  c o a t i n g  s i d e  r i t e )  a r e  p o r e  f i l l i n g  c a r b o n a t e s  p r e d a t i n g  q u a r t z  
o v e r g r o w t h s .  
T a b l e  7 - 2  T e m p e r a t u r e  d e p e n d e n t  f r a c t i o n a t i o n  e q u a t i o n s .  
O x y g e n  i s o t o p e s  
1  0 3 1 n a  c a l c r r e  - H
2
0  =  2 . 7 8  ( 1 0
6
) T - 2 - 2 . 8 9  ( F r i e d m a n  a n d  O ' N e i l ,  1 9 7 7 )  
1  0 3 1 n a  s i d e r r r e  - H 2 0  =  3 . 1 3  ( 1  0 6 ) T - 2  - 3 . 5 0  ( C a r o t h e r s  e t  a I . ,  1 9 8 8 )  
1  0 3 1 n a  a n k e r r r e  - H 2 0  =  2 . 7 8  ( 1  0 6 ) T - 2  + 0 . 3 2  ( D u t t o n  a n d  L a n d ,  1 9 8 5 )  
1  0 3 1 n a  k a o l i n  - H 2 0  =  2 . 5  ( 1 0
6
) T - 2  - 2 . 8 7  ( L a n d  a n d  D u t t o n ,  1 9 7 8 )  
1  0 3 1 n a  q u a r t z  - H 2 0  =  3 . 3 8  ( 1 0 6 ) T - 2 - 2 . 9 0  ( F r i e d m a n  a n d  O ' N e i l ,  1 9 7 7 )  
2 4 6  
1  0
3
1  n a  i I I t t e  - H
2
0  =  - 2 . 8 7  +  1 . 8 3 X  +  0 . 0 6 1 4 X 2  - 0 . 0 0 1 1 5 X 3  ( L e e ,  1 9 8 4 ,  c i t e d  i n  
L e e  e t  a i ,  1 9 8 9 ) ,  w h e r e  X  =  1 0
6
T - 2  
H y d r o g e n  i s o t o p e s  
1  0 3 1 n a  D k a o l i n  - H 2 0  =  - 4 . 5 3  ( 1  0 6 ) T - 2  +  1 9 . 3 6  ( L a m b e r t  a n d  E p s t e i n ,  1 9 8 0 )  
1  0 3 1 n a  D i l l t t e  - H 2 0  =  - 1 9 . 6  ( 1  0 3 ) f T  +  2 5  ( Y e h ,  1 9 8 0 )  
T a b l e  7 - 3  S t a b l e  i s o t o p e  d a t a  f o r  c a r b o n a t e s .  
S a m p l e  n o .  
M i n e r a l o g y  
P h a s e  
( l
1 8
0  % 0  ( S M O W )  ( l 1 3 C " l o o  ( P D B )  
L 5 0 6 . 7  
s i d e  r i t e  
0 4 8 8 . 2  
s i d e  r i t e  
0 4 8 8 . 2  
a n k e r i t e  
0 6 0 0 . 9  s i d e  r i t e  
Z 5 1 2 . 4  
s i d e  r i t e  
X 5 3 1 . 9  s i d e  r i t e  
X 5 3 1 . 9  
a n k e r i t e  
Y 5 9 3 . 9  s i d e  r i t e  1 1  
W 3 8 8 . 8  s i d e  r i t e  1 1  
A 1 4 6 . 5  
s i d e  r i t e  1 1  
J 5 1 4 . 8  
c a l c i t e  1 1  
I  =  e a r l i e r  g r a i n  c o a t i n g  c a r b o n a t e  
1 1  =  l a t e r  p o r e  f i l l i n g  c a r b o n a t e  
8 . 3 0  
- 6 . 0 9  
9 . 2 5  
- 4 . 3 7  
9 . 3 3  
- 4 . 7 1  
9 . 0 6  - 4 . 9 1  
9 . 8 6  
- 6 . 3 2  
1 4 . 5 7  - 6 . 1 2  
1 3 . 2 8  
- 5 . 6 0  
1 3 . 2 5  
- 5 . 2 2  
7 . 7 5  
- 4 . 3 6  
1 4 . 7 1  - 4 . 7 1  
1 0 . 7 9  
- 8 . 2 2  
5 . 7 8  
- 7 . 9 6  
6 . 5 4  - 8 . 1 3  
T a b l e  7 - 4  S t a b l e  i s o t o p e  d a t a  f o r  k a o l i n - r i c h  c l a y s  ( S M O W ) .  
(l1~%o 
( l D % o  
S a m p l e  n o .  
I I  I I I  I V  V  V I  
L 5 0 6 . 7  
1 0 . 6 5  
0 4 8 8 . 2  9 . 4 9  
- 1 1 2 . 0  
9 . 3 1  
0 6 0 0 . 9  
7 . 0 3  
- 1 1 7 . 6  
6 . 6 2  
Z 5 1 2 . 4  8  . .  3 9  
6 . 6 1  - 1 2 7 . 9  
8 . 0 6  
W 3 8 8 . 8  6 . 3 6  
7 . 4 7  
- 1 2 0 . 9  
7 . 3 4  
A 1 4 6 . 5  
7 . 4 8  
- 1 2 2 . 6  
7 . 4 8  
J 5 1 4 . 8  
1 2 . 1 0  
1 3 . 0 5  
1 = 0 . 2 - 1  ~m e . s . d .  ( e q u i v a l e n t  s p h e r e  d i a m e t e r )  1 1  =  1 - 2  ~m. 
I I I  =  2 - 5  ~m. I V  =  5 - 1 0  ~m. V  =  2 - 5  ~m. V I  =  5 - 1 0  ~m. 
2 4 7  
2 4 8  
T h e  1 ) 1 3 C  v a l u e s  h a v e  a  s m a l l  r a n g e  f r o m  - 4 . 3 6  % 0  t o  - 8 . 2 2  % 0 .  I n  c o n t r a s t ,  t h e  1 )
1 8
0  
v a l u e s  f a l l  i n  a  m u c h  g r e a t e r  r a n g e  f r o m  6 . 1 6  % 0  t o  1 4 . 7 1  % 0 .  T h e  1 ) 1 3 C  v a l u e s  a n d  
1 ) 1 8 0  v a l u e s  o f  t h e  c a r b o n a t e s  d o  n o t  s h o w  a n y  r e l a t i o n s h i p ,  a s  i l l u s t r a t e d  i n  F i g  7 -
6 .  
C a l c i t e :  O n e  c a l c i t e  s e p a r a t e  w a s  o b t a i n e d  f r o m  s a m p l e  J 5 1 4 . 8 .  T h e  0 . 7 6  % .  
d i f f e r e n c e  o f  t h e  t w o  a n a l y s e s  ( 5 . 7 8  % 0  a n d  6 . 5 4  % 0 )  f o r  t h i s  s a m p l e  i s  w e l l  o u t s i d e  
o f  e x p e r i m e n t a l  e r r o r s ,  w h i c h  i s  p r o b a b l y  c a u s e d  b y  h e t e r o g e n e i t y  o f  t h e  c a l c i t e .  
N e v e r t h e l e s s ,  r e p r o d u c i b i l i t y  o f  1 ) 1 3 C  i s  q u i t e  g o o d .  O f  t h e  c a r b o n a t e s ,  t h e  c a l c i t e  
h a s  t h e  l o w e s t  1 )
1 8
0  v a l u e .  
S i d e r i t e :  T h e  1 )
1 8
0  a n d  1 ) 1 3 C  v a l u e s  o f  t h e  s e v e n  p o r e  f i l l i n g  s i d e r i t e  s a m p l e s  r a n g e  
f r o m  7 . 7 5  % 0  t o  1 4 . 7 1  % 0  a n d  - 4 . 3 6  % 0  t o  - 8 . 2 2  % 0  r e s p e c t i v e l y  w i t h  6  1 )
1 8
0  v a l u e s  
f a l l i n g  i n  a  m o r e  r e s t r i c t e d  r a n g e  f r o m  7 . 7 5  % 0  t o  1 0 . 7 9  % 0 .  T h e  o t h e r  s i d e r i t e  
s a m p l e  h a s  a  1 )
1 8
0  v a l u e  o f  1 4 . 7 1  % 0 ,  w h i c h  i s  n e a r l y  i d e n t i c a l  w i t h  t h e  1 )
1 8
0  v a l u e  
o f  1 4 . 5 7  % .  o f  t h e  g r a i n  c o a t i n g  s i d e r i t e .  
A n k e r i t e :  T w o  p o r e  f i l l i n g  a n k e r i t e  s a m p l e s  f r o m  X 5 3 1 . 9  a n d  0 4 8 8 . 2  y i e l d e d  a  q u i t e  
d i f f e r e n t  1 )
1 8
0  v a l u e s  o f  1 3 . 2 7  % 0  a n d  9 . 3 3  % 0  a n d  a  s i m i l a r  1 ) 1 3 C  v a l u e s  o f  - 5 . 4 1  % .  
a n d  - 4 . 7 1  r  . . .  R e p r o d u c i b i l i t y  o f  1 )
1 8
0  f o r  s a m p l e  X 5 3 1 . 9  i s  v e r y  g o o d  a n d  t h e  1 ) 1 3 C  
v a l u e s  a r e  i n  a  r e a s o n a b l e  a g r e e m e n t  e v e n  t h o u g h  t h e i r  d i f f e r e n c e  ( 0 . 3 8  % 0 )  i s  
l a r g e r  t h a n  t h e  e x p e r i m e n t  e r r o r s  ( 0 . 2  % 0 ) .  
( i i )  C l a y  M i n e r a l s  
P u r e  c l a y  m i n e r a l s  w e r e  o b t a i n e d  f r o m  a l l  t h e  n i n e  s a n d s t o n e  s a m p l e s  s u b j e c t  t o  
i s o t o p e  s t u d i e s .  T h e y  c o n s i s t  o f  9  k a o l i n s  f r o m  7  o f  t h e  n i n e  s a m p l e s  a n d  1 6  i I I i t e s  
f r o m  8  o f  t h e m .  C h l o r i t e  i s  p r e s e n t  i n  s a m p l e  J 5 1 4 . 8 ,  b u t  n o n e  o f  t h e  s i z e  f r a c t i o n s  
-4 
III III 
iliA III 
-5 ~ III iliA 
--. 
CC 
0 
-6 r 0... III III 
-
III 
0 
~ 
() 
-7 l-t') 
~ 
.<.0 
-8 le c IiJ 
-9 I 
6 8 10 12 14 16 
()180 %o (SMOW) 
Fig 7-6 Cross plot of () 13 C VS. () 180 of carbonates. A = ankerite, 
C = calcite, unmarked points = siderite. 
I\) 
..". 
(0 
2 5 0  
o f  t h i s  s a m p l e  w a s  s u f f i c i e n t l y  c h l o r i t e  - r i c h  ( m o r e  t h a n  9 0  % )  t o  m e r i t  a n a l y s e s .  
K a o l i n :  T h e  5
1
8 ( )  v a l u e s  o f  9  k a o l i n  s a m p l e s  ( p u r i t y  > 9 0 % )  a r e  i l l u s t r a t e d  i n  T a b l e  7 -
4 .  I t  s e e m s  t h a t  t h e r e  e x i s t s  a  g e n e r a l  r e l a t i o n s h i p  b e t w e e n  t h e  5
1 8
0  v a l u e  a n d  t h e  
s i z e  o f  k a o l i n s .  T h e  5
1 8
0  v a l u e  i n c r e a s e s  w i t h  t h e  d e c r e a s e  o f  f r a c t i o n  s i z e  w i t h  t h e  
2 - 1  I l m  s i z e  f r a c t i o n  o f  s a m p l e  W 3 8 8 . 8  a s  a n  e x c e p t i o n .  T h e  1 0 - 5  I l m  k a o l i n  
f r a c t i o n s  h a v e  v e r y  s i m i l a r  5
1 8
0  v a l u e s  r a n g i n g  f r o m  6 . 6 1  % 0  t o  7 . 4 8  % 0 .  B y  c o n t r a s t ,  
t h e  f i n e  s i z e d  k a o l i n  f r a c t i o n s  h a v e  m u c h  l a r g e r  1 )
1 8
0  v a l u e s  w i t h  t h e  5
1
8 ( )  o f  2 - 1  
I l m  f r a c t i o n  o f  s a m p l e  L 5 0 6 . 7  a n d  t h e  5
1 8
0  o f  1 - 0 . 2  I l m  f r a c t i o n  o f  s a m p l e  J 5 1 4 . 8  
b e i n g  1 0 . 6 5  % 0  a n d  1 2 . 6 5  % 0  r e s p e c t i v e l y .  R e p r o d u c i b i l i t y  o f  5
1 8
0  f o r  t h e  k a o l i n s  i s  
v e r y  g o o d  a n d  i s  g e n e r a l l y  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r s .  T h e  p o o r  r e p r o d u c i b i l i t y  
f o r  s a m p l e  J 5 1 4 . 8  i s  p r o b a b l y  c a u s e d  b y  s a m p l e  h e t e r o g e n e i t y .  
O f  t h e  n i n e  k a o l i n  s a m p l e s  w h i c h  w e r e  s u b j e c t  t o  o x y g e n  i s o t o p e  a n a l y s e s ,  o n l y  5  
o f  t h e m  h a d  e n o u g h  m a t e r i a l  f o r  h y d r o g e n  i s o t o p e  a n a l y s e s .  T h e  a n a l y s e s  r e s u l t s  
a r e  l i s t e d  i n  T a b l e  7 - 4 .  T h e  O D  v a l u e s  r a n g e  f r o m  - 1 2 7 . 9  % 0  t o  - 1 1 2 . 0  % 0 .  
I I l i t e :  A  t o t a l  o f  1 6  i I l i t e  s a m p l e s  w e r e  a n a l y s e d  f o r  o x y g e n  i s o t o p e  a n d  t h e  r e s u l t s  
a r e  p r e s e n t e d  i n  T a b l e  7 - 5 .  T h e  5
1 8
0  v a l u e s  o f  t h e  i I I i t e s  v a r y  f r o m  5 . 1 2  ' } ' o o  t o  8 . 1 2  
% 0 .  T h e  d u p l i c a t e s  o f  i I I i t e  a n a l y s e s  s h o w  v e r y  g o o d  a g r e e m e n t .  I n  a d d i t i o n ,  t h e  
5
1 8
0  v a l u e s  o f  i l l i t e  s e p a r a t e s  a r e  g e n e r a l l y  i n d e p e n d e n t  o f  t h e  s i z e  o f  t h e  
s e p a r a t e s .  D i f f e r e n t  s i z e d  f r a c t i o n s  h a v e  s i m i l a r  5
1 8
0  v a l u e s  f o r  t h e  s a m e  s a m p l e .  
T w e l v e  o f  t h e  1 6  i l l i t e  f r a c t i o n s  w e r e  s u b j e c t  t o  h y d r o g e n  i s o t o p e  a n a l y s e s .  T h e  
r e s u l t s  a r e  l i s t e d  i n  T a b l e  7 - 5 .  T h e  5 0  v a l u e s  f a l l  i n  a  r a n g e  f r o m  - 1 2 7 . 7  % 0  t o  - 9 9 . 4  
' } ' o o  w i t h  1 1  o f  t h e m  v a r y i n g  i n  a  m o r e  n a r r o w  r a n g e  f r o m  - 1 2 7 . 7  % 0  t o  - 1 0 9 . 4  % 0 .  T h e y  
d o  n o t  h a v e  a n y  r e l a t i o n s h i p  w i t h  t h e  s i z e  o f  t h e  i l l i t e  f r a c t i o n .  
T a b l e  7 - 5  S t a b l e  i s o t o p e  f o r  i I I i t e - r i c h  c l a y s  ( S M O W ) .  
S a m p l e  n o .  
L 5 0 6 . 7  
7 . 4 9  
0 4 8 8 . 2  
6 . 6 3  
0 6 0 0 . 9  
5 . 9 2  
5 . 9 5  
Z 5 1 2 . 4  
5 . 4 8  
5 . 9 1  
X 5 3 1 . 9  
8 . 1 2  
Y 5 9 3 . 9  
5 . 2 4  
5 . 0 1  
W 3 8 8 . 8  
5 . 1 4  
5 . 0 9  
A 1 4 6 . 5  
5 . 9 5  
5 . 8 0  
a
1 8
0 % o  
1 1  
7 . 7 8  
6 . 4 2  
6 . 2 1  
6 . 1 2  
5 . 9 3  
5 . 3 2  
7 . 3 0  
7 . 1 0  
5 . 8 1  
5 . 7 3  
5 . 7 8  
6 . 1 2  
5 . 9 3  
I I I  
5 . 9 2  
5 . 8 9  
a D % .  
I V  
V  
- 1 1 4 . 5  
- 1 1 2 . 5  
- 1 1 2 . 9  
- 1 0 9 . 4  
- 1 1 6 . 3  
- 1 1 6 . 8  
- 1 1 6 . 1  
- 1 2 7 . 7  
- 1 1 9 . 8  
- 1 1 7 . 0  
- 1 2 2 . 4  
- 9 9 . 4  
1 =  < 0 . 2 I l m ,  1 1  =  0 . 2 - 1  I l m ,  I I I  =  1 - 2 1 l m ,  I V  =  < 0 . 2 I l m ,  V  =  0 . 2 - 1 I l m  
T a b l e  7 - 7  P o t a s s i u m  - a r g o n  i l l i t e  a g e s .  
S a m p l e  n o .  
S i z e  f r a c t i o n  ( I l m )  
K w t . %  
A g e  1 0
6  
y e a r s  
L 5 0 6 . 7  
< 0 . 2  
5 . 7 5  
9 0 . 5  + / - 0 . 9  
5 . 7 6  
Z 5 1 2 . 4  
< 0 . 2  
6 . 6 6  
1 2 3 . 1  + / - 1 . 4  
6 . 6 4  
X 5 3 1 . 9  
< 0 . 2  
6 . 3 5  
1 2 1 . 5  + / - 1 . 3  
6 . 2 8  
0 . 2 - 1  
6 . 0 0  
1 2 6 . 2  + / - 1 . 3  
5 . 8 5  
W 3 8 8 . 8  
< 0 . 2  
5 . 9 9  
1 4 6 . 2  + / - 1 . 6  
5 . 9 4  
2 5 1  
2 5 2  
( i i i )  Q u a r t z  o v e r g r o w t h s :  
P u r e  q u a r t z  s e p a r a t e s  w e r e  o b t a i n e d  f o r  6  o f  t h e  n i n e  s a m p l e s  s u b j e c t  t o  i s o t o p e  
s t u d i e s .  T h e  v a l u e s  o f  t h e  v a r i o u s  s i z e d  f r a c t i o n s  o f  t h e  s i x  s a m p l e s  a r e  l i s t e d  i n  
T a b l e  7 - 6 .  R e p r o d u c i b i l i t y  f o r  c o a r s e  f r a c t i o n s  ( > 1 2 5 I J . m )  i s  g e n e r a l l y  p o o r ,  w h i c h  i s  
a t t r i b u t e d  t o  h e t e r o g e n e i t y  i n  t h e s e  f r a c t i o n s  o f  o v e r g r o w t h  a b u n d a n c e  r e l a t i v e  t o  
d e t r i t a l  q u a r t z  a b u n d a n c e .  B y  c o n t r a s t ,  r e p r o d u c i b i l i t y  i s  g e n e r a l l y  g o o d  f o r  f i n e r  
s i z e d  f r a c t i o n s  « 1 2 5  I J . m )  w i t h  m o s t  o f  t h e  d u p l i c a t e s  b e i n g  w e l l  w i t h i n  t h e  
e x p e r i m e n t a l  e r r o r s .  
A s  d e s c r i b e d  i n  t h e  m e t h o d o l o g y  s e c t i o n ,  t h e  t r e a t m e n t  o f  q u a r t z  s e p a r a t e s  w i t h  H F  
a n d  f o l l o w i n g  u l t r a s o n i c  v i b r a t i o n  i s  e x p e c t e d  t o  d e t a c h  o v e r g r o w t h s  f r o m  d e t r i t a l  
c o r e s  a n d  l e a d  t o  c o n c e n t r a t i o n  o f  o v e r g r o w t h s  i n t o  p r o g r e s s i v e l y  f i n e r  s i z e d  
f r a c t i o n s  ( L e e  a n d  S a v i n ,  1 9 8 5 ) .  H o w e v e r ,  t h i s  i s  n o t  c o n f i r m e d  b y  t h e  a n a l y s e s  
r e s u l t s  o f  f o u r  o f  t h e  s i x  s a m p l e s  ( L 5 0 6 . 7 ,  0 6 0 0 . 9 ,  Z 5 1 2 . 4  a n d  X 5 3 1 . 9 ) .  F o r  t h e  f o u r  
s a m p l e s ,  t h e r e  i s  n o  s i g n i f i c a n t  v a r i a t i o n  i n  t h e  l ) 1 8 Q  v a l u e s  b e t w e e n  t h e  c o a r s e  
s i z e d  a n d  t h e  f i n e  s i z e d  f r a c t i o n s .  T h u s  i t  i s  a s s u m e d  t h a t  t h e  H F  a t t a c k  a n d  t h e  
f o l l o w i n g  u l t r a s o n i c  v i b r a t i o n  t r e a t m e n t  f o r  t h e  f o u r  s a m p l e s  d i d  n o t  w o r k  e f f i c i e n t l y  
t o  d e t a c h  o v e r g r o w t h s  f r o m  d e t r i t a l  c o r e s .  F o r  t h e  o t h e r  t w o  s a m p l e s  ( Y 5 9 3 . 9  a n d  
A  1 4 6 . 5 ) ,  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  ( > 1  % 0 )  i n  t h e  l ) 1 8 Q  v a l u e s  b e t w e e n  t h e  
c o a r s e  s i z e d  a n d  t h e  f i n e  s i z e d  f r a c t i o n s .  l )
l B
O  v a l u e s  o f  t h e  f r a c t i o n s  i n c r e a s e  
p r o g r e s s i v e l y  w i t h  d e c r e a s i n g  p a r t i c l e  s i z e  ( F i g  7 - 7 ) ,  s u g g e s t i n g  f i n e r  s i z e d  
f r a c t i o n s  c o n t a i n  h i g h e r  c o n c e n t r a t i o n  o f  q u a r t z  o v e r g r o w t h s .  T h e  h i g h e s t  v a l u e  o f  
1 3 . 1 3  % 0  o b t a i n e d  f o r  s a m p l e  Y 5 3 9 . 9  d e f i n e s  a  l o w e r  l i m i t  f o r  t h e  l )
l B
O  v a l u e  o f  t h e  
q u a r t z  o v e r g r o w t h s .  T h e  t w o  s m a l l e s t  s i z e  f r a c t i o n s  f o r  s a m p l e  A  1 4 6 . 5  h a v e  v e r y  
s i m i l a r  l )
l B
O  v a l u e s  ( 1 3 . 4 8  % .  a n d  1 3 . 8 5  % 0 ) .  T h e  s l i g h t  i n c r e a s e  i n  l )
l B
O  f r o m  1 3 . 4 8  
% .  t o  1 3 . 8 5  % 0  w i t h  d e c r e a s i n g  p a r t i c l e  s i z e  s u g g e s t s  a  t w o  c o m p o n e n t  s y s t e m  
( d e t r i t a l  q u a r t z  c o r e  a n d  d i a g e n e t i c  q u a r t z  o v e r g r o w t h )  i n  w h i c h  t h e  l ) 1 8 Q  o f  t h e  
T a b l e  7 - 6  O x y g e n  i s o t o p e  d a t a  f o r  q u a r t z  s e p a r a t e s  ( S M O W ) .  
a
1 8
0 % .  
S a m p l e  n o .  1 1  I I I  I V  V  
L 5 0 6 . 7  
1 2 . 9 5  1 2 . 4 8  1 2 . 3 5  1 2 . 2 0  1 2 . 5 5  
1 3 . 4 4  1 1 . 8 4  1 2 . 5 9  
0 6 0 0 . 9  
9 . 9 0  
1 0 . 2 1  
1 0 . 4 8  1 0 . 2 8  
1 0 . 5 0  
1 0 . 6 4  1 0 . 6 9  
1 0 . 4 2  
1 0 . 1 7  
Z 5 1 2 . 4  1 1 . 6 5  
1 2 . 3 2  1 2 . 5 6  1 1 . 5 7  1 1 . 9 1  
1 2 . 3 5  1 2 . 3 5  1 3 . 4 7  1 2 . 0 0  
1 1 . 8 4  
X 5 3 1 . 9  1 1 . 2 9  
1 0 . 5 9  
1 1 . 5 2  
1 0 . 5 9  
1 0 . 6 8  1 0 . 2 2  
Y 5 9 3 . 9  1 1 . 6 5  1 2 . 1 1  
1 2 . 2 8  
1 3 . 1 3  
1 2 . 6 7  
1 0 . 9 5  1 1 . 9 1  
1 2 . 5 9  1 2 . 7 0  
A 1 4 6 . 5  1 2 . 1 6  
1 2 . 5 8  1 2 . 5 8  1 3 . 4 6  1 3 . 4 9  
1 1 . 5 6  
1 1 . 7 7  1 2 . 6 3  1 3 . 4 9  1 4 . 2 1  
=  2 5 0 - 1 8 0  ~m f r a c t i o n  p r i o r  t o  H F  t r e a t m e n t  e t c .  
1 1  =  2 5 0 - 1 8 0  ~m f r a c t i o n  a f t e r  H F / u l t r a s o n i c  t r e a t m e n t  a n d  s i e v i n g  
I I I  =  1 8 0  - 1 2 5  ~m f r a c t i o n  a f t e r  H F / u l t r a s o n i c  t r e a t m e n t  a n d  s i e v i n g  
I V  =  1 2 5 - 7 5  ~m f r a c t i o n  a f t e r  H F / u l t r a s o n i c  t r e a t m e n t  a n d  s i e v i n g  
V  =  7 5 - 2 0  ~m f r a c t i o n  a f t e r  H F / u l t r a s o n i c  t r e a t m e n t  a n d  s i e v i n g  
s a m p l e  
n o .  
L 5 0 6 . 7  
0 6 0 0 . 9  
T a b l e  7 - 8  P e t r o g r a p h i c  d a t a  o n  l i q u i d  h y d r o c a r b o n  
i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s .  
p r e s e n c e  o f  
f l u o r e s c i n g  c l a y s  
y e s  
y e s  
p r e s e n c e  o f  l i q u i d  c o l o u r  o f  
h y d r o c a r b o n  i n c l u s i o n s  f l u o r e s c e n c e  
i n  o v e r g r o w t h s  i n  f r a c t u r e s  
y e s  n o  l i g h t  b l u e  
y e s  l i g h t  y e l l o w -
c r e a m  
y e s  b l u e  
2 5 3  
Z 5 1 2 . 4  
y e s  
n o  
y e s  y e l l o w - o r a n g e  
a n d  b l u e  
X 5 3 1 . 9  y e s  
y e s  y e l l o w - b l u e  
y e s  b l u e  a n d  
y e l l o w - o r a n g e  
2 5 4  
S A M P L E  Y 5 9 3 . 9  
1 4 . 0  
1 3 . 5  
1 3 . 0  
~ 
1 2 . 5  
0  
< X I  
~'" 
1 2 . 0  
1 1 . 5  
1 1 . 0
0  5 0  1 0 0  
1 5 0  2 0 0  
2 5 0  3 0 0  
F R A C T I O N  S I Z E  (~m) 
S A M P L E  A  1 4 6 . 5  
1 4 . 0  
1 3 . 5  
1 3 . 0  
~ 
1 2 . 5  
0  
< X I  
~'" 
1 2 . 0  
1 1 . 5  
1 1 . 0  
0  
5 0  1 0 0  
1 5 0  2 0 0  2 5 0  
3 0 0  
F R A C T I O N  S I Z E  (~m) 
F i g  7 - 7  
l ) 1 8
0  
v s .  f r a c t i o n  s i z e  o f  q u a r t z  s e p a r a t e s  a f t e r  H F  t r e a t m e n t .  
2 5 5  
d i a g e n e t i c  q u a r t z  o v e r g r o w t h  i s  s l i g h t l y  g r e a t e r  t h a n  1 3 . 8 5  % 0  ( c f .  L e e  a n d  S a v i n ,  
1 9 8 5 ) .  T h e  c o n c l u s i o n  f r o m  t h e s e  a n a l y s e s  i s  t h a t  t h e  1 )
1 8
0  v a l u e s  o f  q u a r t z  
o v e r g r o w t h s  a r e  e s t i m a t e d  t o  l i e  b e t w e e n  1 3  % 0  a n d  1 4  % 0 .  
7 . 3 . 3  P O T A S S I U M  - A R G O N  I L U T E  A G E S  
T h e  K - A r  a g e  d a t i n g  w a s  c a r r i e d  o u t  f o r  h i g h  p u r i t y  < 0 . 2  I l m  s i z e  f r a c t i o n s  f r o m  f o u r  
s a m p l e s  a n d  a  c o a r s e r  1 - 0 . 2  I l m  f r a c t i o n  f r o m  o n e  o f  t h e  f o u r  s a m p l e s .  T h e  r e s u l t s  
a r e  p r e s e n t e d  i n  T a b l e  7 - 7 .  T h e  i l l i t e  a g e s  r a n g e  f r o m  1 4 6 . 2  M a  f o r  s a m p l e  W 3 8 8 . 8  
f r o m  W e r o m b a  2  i n  t h e  w e s t  m a r g i n  o f  t h e  b a s i n ,  t o  a b o u t  1 2 3  M a  f o r  s a m p l e s  
X 5 3 1 . 9  a n d  Z 5 1 2 . 4  f r o m  C o b b i t t y  3  a n d  C a m p b e l l t o w n  5  i n  t h e  s o u t h e r n  r e g i o n  o f  
t h e  b a s i n ,  a n d  f i n a l l y  t o  9 0 . 5  M a  f o r  s a m p l e  L 5 0 6 . 7  f r o m  L i v e r p o o l  9 1  i n  t h e  e a s t  
c o a s t  z o n e  o f  t h e  b a s i n .  T h e  a g e  o f  t h e  c o a r s e r  f r a c t i o n  f o r  s a m p l e  X 5 3 1 . 9  w a s  
d e t e r m i n e d  t o  b e  1 2 6 . 2  M a  w h i c h  i s  a b o u t  5  M a  o l d e r  t h a n  t h e  a g e  o f  t h e  f i n e r  
f r a c t i o n  o f  t h e  s a m e  s a m p l e .  
7 . 4  F L U I P  I N C L U S I O N  I N V E S T I G A T I O N  
7 . 4 . 1  P E T R O G R A P H Y  O F  A Q U E O U S  A N D  H Y D R O C A R B O N  F L U I D  I N C L U S I O N S  
I n  a l l  t h e  f o u r  s a m p l e s  i n v e s t i g a t e d ,  a q u e o u s  f l u i d  i n c l u s i o n s  w e r e  r e c o g n i s e d .  
T h e y  o c c u r  a t  t h e  b o u n d a r y  b e t w e e n  d e t r i t a l  q u a r t z  c o r e s  a n d  q u a r t z  o v e r g r o w t h s  
a n d  a c t u a l l y  w i t h i n  o v e r g r o w t h s .  T h e i r  r e l a t i o n s h i p s  w i t h  t h e  q u a r t z  o v e r g r o w t h s  
s u g g e s t  t h e y  w e r e  f o r m e d  d u r i n g  q u a r t z  c e m e n t a t i o n .  D e s p i t e  t h e  c o m m o n  
o c c u r r e n c e  o f  c a r b o n a t e  c e m e n t s  i n  t h e  f o u r  s a m p l e s ,  o n l y  o n e  a q u e o u s  f l u i d  
i n c l u s i o n  s u i t a b l e  f o r  m e a s u r e m e n t  o f  h o m o g e n i s a t i o n  t e m p e r a t u r e  w a s  f o u n d  i n  a  
c a r b o n a t e  h o s t .  
T h e  a q u e o u s  f l u i d  i n c l u s i o n s  a r e  n o r m a l l y  4 - 1 0  I l m  i n  d i a m e t e r  a n d  h a v e  r o u n d e d ,  
e l o n g a t e d  o r  i r r e g u l a r  s h a p e s .  A t  r o o m  t e m p e r a t u r e ,  t h e y  c o n s i s t  o f  a  c o l o u r l e s s  
l i q u i d  a n d  a  g a s  b u b b l e .  F i g s  7 - 8  a n d  7 - 9  s h o w  a n  e x a m p l e  o f  t h e  a q u e o u s  f l u i d  
i n c l u s i o n s  w i t h i n  t h e  q u a r t z  o v e r g r o w t h s  a n d  a t  t h e  b o u n d a r y  b e t w e e n  t h e  d e t r i t a l  
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Fig 7-8 (top left) Aqueous fluid inclusions within a quartz overgrowths 
observed with plain polarised light. From South Colah 1 at drilling depth of 600.9 
m (sample 0600.9). Scale bar is 1 0 ~m. 
Fig 7-9 (top right) Aqueous fluid inclusions between detrital core and 
overgrowths observed with plain polarised light. From Liverpool 91 at drilling 
depth of 506.7 m (sample L506.7). Scale bar is 20 ~m. 
Fig 7-10 (upper left) Liquid fluid inclusion fluorescing light blue within quartz 
overgrowths. Outline of detrital quartz grain is marked by a line of clays with pale 
cream fluorescence. The fluorescence was excited by violet light illumination. 
From South Colah 1 at drilling depth of 600.9 m (sample 0600.9). Scale bar is 10 
~m. 
Fig 7-11 (upper right) Same detrital quartz grain and subject as in Fig 7-10 but 
observed with plane polarised light. The outline of the detrital grain is marked by a 
curved trail of inclusions in the bottom right of the photograph. Scale bar is 10 ~m. 
Fig 7-12 (lower left) Fluorescing film of liquid oil trapped between side rite 
crystals and quartz overgrowths. The oil has a yellow green fluorescence and the 
siderite has brown fluorescence. The fluorescence was excited by ultraviolet light 
illumination. From Cobbitty 3 at drilling depth of 531.9 m (sample X531.9). Scale 
bar is 50 ~m. 
Fig 7-13 (lower right) Same detrital quartz grain and subject as in Fig 7-12 but 
observed with plane polarised light. Rhombohedral si de rite crystals are enclosed 
by quartz overgrowths. Scale bar is 50 ~m. 
Fig 7-14 (bottom left) Yellow-green fluorescing liquid oil inclusions with a 
conchoidal distribution decorating a healed fracture that formed across a detrital 
quartz grain. The fluorescence was excited by ultraviolet light illumination. From 
Cobbitty 3 at drilling depth of 531.9 m (sample X531.9). Scale bar is 20 ~m. 
Fig 7-15 (bottom right) Same detrital quartz grain and subject as in Fig 7-14 but 
observed with plane polarised light. Scale bar is 20 ~m. 
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2 5 7  
q u a r t z  c o r e  a n d  o v e r g r o w t h s .  
H y d r o c a r b o n  f l u i d  i n c l u s i o n s  a r e  r e c o g n i s e d  b y  t h e i r  f l u o r e s c e n c e .  T h e y  t e n d  t o  b e  
l a r g e r  t h a n  t h e  a q u e o u s  f l u i d  i n c l u s i o n s .  A t  r o o m  t e m p e r a t u r e  t h e y  c o n t a i n  a  
c o l o u r l e s s  l i q u i d  a n d  a  g a s  b u b b l e .  F l u o r e s c i n g  h y d r o c a r b o n  i n c l u s i o n s  w e r e  
o b s e r v e d  w i t h i n  q u a r t z  o v e r g r o w t h s  i n  t h r e e  o f  t h e  s a m p l e s  i n v e s t i g a t e d  - X 5 3 1 . 9 ,  
L 5 0 6 . 7  a n d  0 6 0 0 . 9  ( T a b l e  7 - 8 ) .  T h e i r  r e l a t i o n s h i p  w i t h  q u a r t z  o v e r g r o w t h s  
s u g g e s t s  t h a t  t h e y  w e r e  f o r m e d  d u r i n g  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s .  F i g s  7 -
1 0  a n d  7 - 1 1  i l l u s t r a t e  a n  e x a m p l e  o f  t h e  f l u o r e s c i n g  h y d r o c a r b o n  i n c l u s i o n s  w i t h i n  
t h e  q u a r t z  o v e r g r o w t h s  i n  s a m p l e  0 6 0 0 . 9  f r o m  S o u t h  C o l a h  1 .  I n  s a m p l e  X 5 3 1 . 9  
f r o m  C o b b i t t y  3 ,  f l u o r e s c i n g  l i q u i d  h y d r o c a r b o n s  w e r e  f o u n d  t o  c o a t  d i a g e n e t i c  
r h o m b o h e d r a l  s i d e  r i t e  c r y s t a l s  w h i c h  a r e  i n  t u r n  e n c l o s e d  b y  q u a r t z  o v e r g r o w t h s  
( F i g s  7 - 1 2  &  7 - 1 3 ) .  
F l u o r e s c i n g  h y d r o c a r b o n  i n c l u s i o n s  w e r e  a l s o  f o u n d  i n  h e a l e d  f r a c t u r e s  t h a t  c u t  
t h r o u g h  b o t h  d e t r i t a l  q u a r t z  c o r e s  a n d  q u a r t z  o v e r g r o w t h s .  T h e  i n c l u s i o n s  o c c u r  i n  
t h r e e  o f  t h e  s a m p l e s  - 0 6 0 0 . 9 ,  X 5 3 1 . 9  a n d  Z 5 1 2 . 4  ( T a b l e  7 - 8 ) .  F i g s  7 - 1 4  &  7 - 1 5  
s h o w  a n  e x a m p l e  o f  l i q u i d  h y d r o c a r b o n  i n c l u s i o n s  i n  h e a l e d  f r a c t u r e s .  
T h e  f l u o r e s c i n g  c o l o u r  o f  l i q u i d  h y d r o c a r b o n s  v a r i e s  f r o m  y e l l o w  o r a n g e ,  w h i c h  i s  
c h a r a c t e r i s t i c  o f  l o w  m a t u r i t y  o i l ,  t o  b l u i s h  w h i t e ,  w h i c h  i s  c h a r a c t e r i s t i c  o f  h i g h  
m a t u r i t y  o i l  a n d  c o n d e n s a t e  ( M c L i m a n s ,  1 9 8 7 ) .  I n  s a m p l e  0 6 0 0 . 9  f r o m  S o u t h  
C o l a h  1 ,  l i q u i d  h y d r o c a r b o n  i n c l u s i o n s ,  w h i c h  o c c u r  w i t h i n  q u a r t z  o v e r g r o w t h s  a n d  
t h u s  w e r e  f o r m e d  d u r i n g  p r e c i p i t a t i o r i  o f  q u a r t z  o v e r g r o w t h s ,  f l u o r e s c e  l i g h t  y e l l o w -
c r e a m  w h e r e a s  t h o s e  o c c u r r i n g  i n  h e a l e d  f r a c t u r e s ,  w h i c h  w e r e  p r e s u m a b l y  
f o r m e d  l a t e r ,  f l u o r e s c e  b l u e .  T h i s  s u g g e s t s  t h a t  t h e  e n t r a p p e d  l i q u i d  h y d r o c a r b o n s  
w e r e  i n c r e a s i n g  i n  m a t u r i t y  w i t h  t i m e  d u e  t o  i n c r e a s i n g  t e m p e r a t u r e .  
L i q u i d  h y d r o c a r b o n  i n c l u s i o n s  w i t h  b l u e  f l u o r e s c e n c e  o c c u r  w i t h i n  q u a r t z  
o v e r g r o w t h s  i n  s a m p l e  L 5 0 6 . 7  f r o m  L i v e r p o o l  9 1  a n d  t h o s e  w i t h  y e l l o w - b l u e  o c c u r  
2 5 8  
i n  s a m p l e  X 5 3 1 . 9  f r o m  C o b b i t t y  3 .  L i q u i d  h y d r o c a r b o n  i n c l u s i o n s  w i t h  b l u e  a n d  
y e l l o w - o r a n g e  f l u o r e s c e n c e  w e r e  o b s e r v e d  t o  d e c o r a t e  h e a l e d  f r a c t u r e s  i n  s a m p l e  
Z 5 1 2 . 4  f r o m  C a m p b e l l t o w n  2  a n d  s a m p l e  X 5 3 1 . 9  f r o m  C o b b i t t y  3 .  T h e  v a r i a b i l i t y  o f  
f l u o r e s c e n c e  c o l o u r  o f  t h e  l i q u i d  h y d r o c a r b o n  i n c l u s i o n s  s u g g e s t s  d i f f e r e n t  t i m e s  o f  
e n t r a p m e n t  o f  l i q u i d  h y d r o c a r b o n s  a n d  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s  r e l a t i v e  
t o  h y d r o c a r b o n  m a t u r a t i o n  a t  d i f f e r e n t  l o c a t i o n s  o f  t h e  s t u d y  a r e a .  
7 . 4 . 2  R E S U L T S  O F  F L U I D  I N C L U S I O N  T E M P E R A T U R E  M E A S U R E M E N T S  
H o m o g e n i s a t i o n  t e m p e r a t u r e s  w e r e  m e a s u r e d  f o r  3 8  d i f f e r e n t  a q u e o u s  f l u i d  
i n c l u s i o n s  f r o m  t h e  f o u r  s a m p l e s .  T h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  7 - 9 .  N o  
m e a s u r e m e n t  w a s  m a d e  f o r  h y d r o c a r b o n  i n c l u s i o n s  s i n c e  t h e y  w e r e  r a r e l y  s e e n  i n  
t h e  f o u r  s a m p l e s  a n d  m o r e  i m p o r t a n t l y  t h e  i s o c h o r e s  f o r  h y d r o c a r b o n  i n c l u s i o n s  
a r e  m u c h  m o r e  d i f f i c u l t  t o  p r e d i c t  t h a n  t h o s e  f o r  a q u e o u s  f l u i d  i n c l u s i o n s .  T h e  
d i s t r i b u t i o n  o f  h o m o g e n i s a t i o n  t e m p e r a t u r e s  o f  a q u e o u s  i n c l u s i o n s  f o r  t h e  f o u r  
s a m p l e s  i s  i l l u s t r a t e d  i n  F i g  7 - 1 6 .  T h e  m e a n  h o m o g e n i s a t i o n  t e m p e r a t u r e s  r a n g e  
f r o m  9 5  o C  i n  s a m p l e  0 6 0 0 . 9  f r o m  t h e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t  i n  S o u t h  
C o l a h  1  b o r e h o l e  t o  1 2 0  o C  i n  s a m p l e  Z 5 1 2 . 4  f r o m  t h e  L o w e r  B u l g o  O p e r a t i o n a l  
U n i t  i n  C a m p b e l l t o w n  2  b o r e h o l e .  T h e  s t a n d a r d  d e v i a t i o n s  f a l l  i n  t h e  r a n g e  f r o m  
7 . 6  ° C  t o  1 5 . 8  ° C  ( T a b l e  7 - 9 ) .  
I c e  m e l t i n g  p o i n t  t e m p e r a t u r e s  w e r e  m e a s u r e d  f o r  2 1  d i f f e r e n t  a q u e o u s  f l u i d  
i n c l u s i o n s .  T h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  7 - 1 0 .  P o s i t i v e  m e l t i n g  p o i n t s  a r e  
a t t r i b u t e d  t o  d e c o m p o s i t i o n  o f  c l a t h r a t e  c o m p o u n d s  o f  c a r b o n  d i o x i d e  
( C 0
2
5 . 7 5 H
2
0 )  o r  m e t h a n e .  C l a t h r a t e  c o m p o u n d s  d e c o m p o s e  b e t w e e n  - 1 4  ° C  a n d  
+ 9  ° C  d e p e n d i n g  o n  s a l i n i t y  a n d  g a s  p r e s s u r e  ( C o l l i n s ,  1 9 7 9 ;  H a n o r ,  1 9 8 0 ) .  T h e  
d i s t r i b u t i o n  o f  t h e  n o n - p o s i t i v e  m e l t i n g  p O i n t s  f o r  t h e  f o u r  s a m p l e s  a r e  i l l u s t r a t e d  i n  
F i g  7 - 1 7 .  T h e  m e a n s  o f  i c e  m e l t i n g  p o i n t  t e m p e r a t u r e s  r a n g e  f r o m  - 0 . 5  ° C  t o  - 0 . 9 3  
° C .  
T a b l e  7 - 9  H o m o g e n i s a t i o n  t e m p e r a t u r e s  o f  a q u e o u s  
f l u i d  i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s .  
S a m p l e  n o .  
T h  ( Q C )  
M e a n  
S t a n d a r d  D e v i a t i o n  
L 5 0 6 . 7  
1 0 1 . 0  
1 2 3 . 0  
1 0 5 . 0  
9 8 . 5  
1 1 3  
1 3 . 4  
1 2 6 . 5  
1 1 7 . 0  
1 2 2 . 0  
0 6 0 0 . 9  
9 4 . 0  
•  
1 0 5 . 0  
8 0 . 0  
8 7 . 0  
1 2 0 . 0  
9 2 . 5  
1 0 1 . 0  
9 6 . 0  
9 5  
1 5 . 8  
8 6 . 0  
9 0 . 0  
1 1 1 . 0  
1 2 2 . 0  
8 7 . 0  
8 3 . 0  
7 6 . 0  
Z 5 1 2 . 4  
1 3 1 . 0  
1 3 1 . 5  
1 1 8 . 0  
1 2 0 . 0  
1 1 5 . 0  
1 2 0  
9 . 8  
1 3 4 . 5  
1 0 9 . 0  
1 0 0 . 0  
7 9 . 5 -
X 5 3 1 . 9  
9 0 . 0  
1 0 9 . 0  
1 0 5 . 0  
1 0 1 . 5  
1 0 5  
7 . 6  
1 1 5 . 5  
1 0 3 . 0  
1 1 1 . 0  
T h  =  h o m o g e n i s a t i o n  t e m p e r a t u r e  
- T h i s  i n c l u s i o n  i s  w i t h i n  c a r b o n a t e .  
2 5 9  
,  
6 5  
6 5  
6 5  
I  
6 5  
,  
8 0  
8 0  
8 0  
I  
8 0  
L I V E R P O O L  9 1  
, B o ,  0  §  
9 5  1 1 0  1 2 5  
H o m o g e n i s a t i o n  t e m p e r a t u r e  ( O C )  
S O U T H  C O L A H  1  
9 5  
1 1 0  
1 2 5  
C A M P B E L L  T O W N  2  
9 5  
1 1 0  
1 2 5  
C O B B I T T Y 3  
§ S o  
0  
I  
I  
9 5  
1 1 0  
1 2 5  
2 6 0  
M e a n  1 1 3  
,  
1 4 0  
M e a n  9 5  
1 4 0  
M e a n  1 2 0  
1 4 0  
M e a n  1 0 5  
I  
1 4 0  
F i g  7 - 1 6  H i s t o g r a m s  o f  h o m o g e n i s a t i o n  t e m p e r a t u r e s  f o r  
a q u e o u s  f l u i d  i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s .  
T a b l e  7 - 1 0  M e l t i n g  p o i n t s  a n d  s a l i n i t i e s  o f  a q u e o u s  
f l u i d  i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s .  
s a m p l e  n o .  
L 5 0 6 . 7  
0 6 0 0 . 9  
Z 5 1 2 . 4  
X 5 3 1 . 9  
*  T m  ( C C )  
- 0 . 5  
- 0 . 5 5  
- 0 . 7  
- 1 . 3  
- 0 . 8  
- 0 . 5  
- 0 . 9  
- 1 . 2 5  
- 1 . 4 5  
- 0 . 7 5  
- 0 . 7  
+ 0 . 2 * * *  
+ 0 . 3 5 * * *  
+ 0 . 3 5 * * *  
+  1 . 2 * * *  
- 0 . 5  
- 0 . 5  
- 0 . 5  
- 0 . 6 5  
- 1 . 1  
- 0 . 6 5  
*  T m  =  i c e  m e l t i n g  p o i n t  t e m p e r a t u r e  
* *  M e a n  
- 0 . 7 7  
- 0 . 9 3  
- 0 . 5  
- 0 . 7 3  
s a l i n i t y  ( w t  %  
N a C I  e q u i v a l e n t )  
1 . 3 4  
1 . 6 1  
0 . 8 7  
1 . 2 7  
2 6 1  
* *  I t  i s  t h e  m e a n  o f  n o n - p o s i t i v e  m e l t i n g  p o i n t s .  
* * *  P o s i t i v e  m e l t i n g  p o i n t s  a r e  a t t r i b u t e d  t o  d e c o m p o s i t i o n  o f  c l a t h r a t e  c o m p o u n d s  
o f  c a r b o n  d i o x i d e  ( C 0
2  
5 . 7 5 H P )  o r  m e t h a n e .  C l a t h r a t e  c o m p o u n d s  
d e c o m p o s e  b e t w e e n  - 1 4  a n d  + 9 ° C .  
I  
- 1 . 5  
- 1 . 5  
r  
- 1 . 5  
r  
- 1 . 5  
I  
- 1 . 2 5  
~ 
- 1 . 2 5  
,  
- 1 . 2 5  
,  
- 1 . 2 5  
L I V E R P O O L  9 1  
I  
I  
I  
I  
I  
I  
I  
- 1 . 0 0  
- 0 . 7 5  
- 0 . 5 0  
I c e  m e l t i n g  p o i n t  t e m p e r a t u r e  ( o C )  
S O U T H  C O L A H  1  
I  
I  
I  
I  
I  
I  
- 1 . 0 0  
- 0 . 7 5  
- 0 . 5 0  
C A M P B E L L  T O W N  2  
,  
- 1 . 0 0  
,  
- 0 . 7 5  
B  
i  
- 0 . 5 0  
C O B B I T T Y 3  
r  
- 1 . 0 0  
C J R  
I  I  
- 0 . 7 5  - 0 . 5 0  
2 6 2  
M e a n  - 0 . 7 7  
I  
- 0 . 2 5  
M e a n  - 0 . 9 3  
I  
- 0 . 2 5  
M e a n  - 0 . 5 0  
1  
- 0 . 2 5  
M e a n  - 0 . 7 3  
1  
- 0 . 2 5  
F i g  7 - 1 7  H i s t o g r a m s  o f  i c e  m e l t i n g  t e m p e r a t u r e s  f o r  a q u e o u s  f l u i d  
i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s .  
2 6 3  
I c e  m e l t i n g  p o i n t  t e m p e r a t u r e s  c a n  b e  u s e d  t o  o b t a i n  t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  
s o l i d s  i n  t h e  p o r e  w a t e r s  t o  c o n s t r a i n  t h e  s l o p e  o f  t h e  i s o c h o r e  a s  w e l l  a s  t o  i d e n t i f y  
d i f f e r e n c e s  i n  t h e  c h a r a c t e r  o f  t h e  p o r e  w a t e r s .  T h e  a p p r o x i m a t e  s a l t  c o n t e n t s  w e r e  
c a l c u l a t e d  f r o m  t h e  d e p r e s s i o n  o f  i c e  m e l t i n g  p O i n t s  a c c o r d i n g  t o  t h e  f o l l o w i n g  
f o r m u l a .  
S a l t  c o n t e n t  =  1 . 7 7 0  - 4 . 2 3 8  . 1 0 -
2  
0 2  +  5 . 2 7 8  . 1 0 - 4  . 0
3  
w h e r e  0  i s  t h e  d e p r e s s i o n  o f  f r e e z i n g  p o i n t  f o r  a  N a C I  s o l u t i o n  ( P o t t e r  e t  a I . ,  1 9 7 7 ) .  
S a l t  c o n t e n t s  c o r r e s p o n d i n g  t o  t h e  m e a n  i c e  m e l t i n g  p o i n t s  o f  - 0 . 5  o C  t o  - 0 . 9 3  o C  
w e r e  c a l c u l a t e d  t o  b e  0 . 8 7  t o  1 . 6 1  w t . %  ( N a C I  e q u i v a l e n t ) .  
7 . 5  I N T E R P R E T A T I O N  A N D  A P P L I C A T I O N  O F  F L U I D  I N C L U S I O N  D A T A  
7 . 5 . 1 .  I N T R O D U C T I O N  
T h e  i n t e r p r e t a t i o n  o f  f l u i d  i n c l u s i o n  d a t a  i s  b a s e d  l a r g e l y  o n  a  c o m p a r i s o n  o f  t h e  
b e h a v i o u r  o f  t h e  s t u d i e d  i n c l u s i o n  w i t h  t h a t  e x p e c t e d  o f  a  s i m i l a r  i n c l u s i o n  
c o n t a i n i n g  a  s i m p l i f i e d  c o m p o s i t i o n ,  f o r  w h i c h  p r e s s u r e  - v o l u m e  - t e m p e r a t u r e  -
c o m p o s i t i o n  ( P  - V  - T  - X )  d a t a  a r e  a l r e a d y  k n o w n  t h r o u g h  l a b o r a t o r y  e x p e r i m e n t s  
( R o e d d e r ,  1 9 8 4 ) .  E v e n  t h o u g h  T  - V  p l o t s  a r e  u s e f u l ,  i s o c h o r e s  ( l i n e s  o f  c o n s t a n t  
v o l u m e  a n d  h e n c e  c o n s t a n t  d e n s i t y )  o n  P  - T  p l o t s  a r e  m o s t  c o m m o n l y  u s e d  f o r  t h e  
i n t e r p r e t a t i o n  o f  f l u i d  i n c l u s i o n  d a t a .  F l u i d  i n c l u s i o n  i s o c h o r e s  f o r  p u r e - w a t e r  a n d  
a q u e o u s  s a l t  s o l u t i o n s  w i t h  k n o w n  c o n t e n t  o f  s a l t  ( w t .  %  N a C I  e q u i v a l e n t )  a r e  w e l l  
e s t a b l i s h e d  b y  l a b o r a t o r y  e x p e r i m e n t s .  I f  t h e  s a l t  c o n t e n t  o f  t h e  f l u i d  i n c l u s i o n  i s  
k n o w n  f r o m  t h e  d e p r e s s i o n  o f  t h e  i c e  m e l t i n g  p o i n t  o f  t h e  i n c l u s i o n ,  t h e  f l u i d  
i n c l u s i o n  i s o c h o r e  c a n  b e  p r e d i c t e d .  A s  l i s t e d  i n  T a b l e  7 - 1 0 ,  t h e  m e a n  s a l i n i t i e s  
r a n g e  f r o m  0 . 8 7  t o  1 . 6 1  w t .  %  ( N a C I  e q u i v a l e n t ) .  T h e  l o w  s a l i n i t i e s  i m p l y  t h a t  
i s o c h o r e s  f o r  p u r e  w a t e r s  ( R o e d d e r  a n d  B o d n a r ,  1 9 8 0 )  c a n  b e  u s e d  i n  t h e  
i n t e r p r e t a t i o n  o f  t h e  f l u i d  i n c l u s i o n  t e m p e r a t u r e  d a t a .  
2 6 4  
I n  t h i s  t h e s i s ,  f l u i d  i n c l u s i o n  d a t a  a r e  a p p l i e d  t o  d e t e r m i n e  t h e  f o r m a t i o n  
( p r e c i p i t a t i o n )  t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s ,  w h i c h  w i l l  b e  u s e d  i n  
r e c o n s t r u c t i o n  o f  c h e m i c a l  e v o l u t i o n  o f  p o r e  w a t e r s ,  a n d  t o  d e d u c e  t h e r m a l  h i s t o r y ,  
w h i c h  w i l l  b e  u s e d  t o  t h e o r e t i c a l l y  c a l c u l a t e  t i m i n g  a n d  a m o u n t  o f  o i l  g e n e r a t i o n .  I n  
t h i s  a p p l i c a t i o n ,  a  n u m b e r  o f  a s s u m p t i o n s  a n d  a p p r o x i m a t i o n s  a r e  i n v o l v e d .  T h e y  
w i l l  b e  s t a t e d  l a t t e r  i n  t h e  a p p r o p r i a t e  p a r a g r a p h s .  A l l  t h e  i n v o l v e d  t h e o r e t i c a l  
c a l c u l a t i o n s  a n d  m o d e l l i n g  w e r e  c a r r i e d  o u t  i n  a  p e r s o n a l  c o m p u t e r  u s i n g  t h e  
p r o g r a m m e  o f  O r  P e t e r  E a d i n g t o n  ( C S I R O ,  N o r t h  R y d e ) .  T h e  s t r a t i g r a p h i c  d a t a  
i n p u t s  a r e  l i s t e d  i n  T a b l e  7 - 1 1 .  D e p t h  a n d  l i t h o l o g y  o f  t h e  f o r m a t i o n s  a r e  f r o m  
g e o l o g i c a l  l o g g i n g  o f - t h e  f o u r  b o r e h o l e s .  A g e s  o f  t h e  f o r m a t i o n s  t o p s  w e r e  d e r i v e d  
f r o m  c o r r e l a t i o n  ( s e e  F i g  4 - 3 )  o f  t h e  o p e r a t i o n a l '  u n i t s  w i t h  t h e  c o m p o s i t e  
s t r a t i g r a p h i c  c o l u m n  o f  t h e  S y d n e y  B a s i n  ( R e t a l l a c k ,  1 9 8 0 ) .  T h e  a b s o l u t e  a g e s  a r e  
f r o m  t h e  1 9 8 9  G l o b a l  S t r a t i g r a p h i c  C h a r t  ( S u p p l e m e n t  t o  E p i s o d e s  1 2  ( 2 ) .  J u n e ,  
1 . . a 8 . 9 . ) .  T h e  c u r r e n t  h e a t  f l o w  v a l u e ,  s h o w n  b e l o w  t h e  b o r e h o l e  n a m e  i n  F i g s  7 - 1 8  &  
7 - 1 9 ,  a t  a  g i v e n  b o r e  h o l e  l o c a t i o n  w a s  d e r i v e d  f r o m  t h e  d a t a  o f  S a s s  e t  a l .  ( 1 9 7 6 ) .  
V i t r i n i t e  r e f l e c t a n c e  ( R v )  w a s  e s t i m a t e d  b y  e x t r a p o l a t i o n  f r o m  p r o f i l e s  m e a s u r e d  b y  
D i e s s e l  ( 1 9 7 5 )  a n d  f r o m  t h e  r e s u l t s  m e a s u r e d  b y  M i d d l e t o n  ( 1 9 8 3 ) .  
7 . 5 . 2 .  D E T E R M I N A T I O N  O F  P R E C I P I T A T I O N  T E M P E R A T U R E  O F  Q U A R T Z  
O V E R G R O W T H S  A N D  D E D U C T I O N  O F  T H E R M A L  H I S T O R Y  
H y d r o s t a t i c  p r e s s u r e  i s  a s s u m e d  d u r i n g  t h e  b u r i a l  d i a g e n e s i s  o f  t h e  N a r r a b e e n  
G r o u p .  T h u s  t h e  p r e s s u r e  s c a l e  c a n  b e  t r a n s f o r m e d  t o  t h e  d e p t h  s c a l e  a n d  f l u i d  
i n c l u s i o n  i s o c h o r e s  i l l u s t r a t e d  o n  t h e  d e p t h  ( p r e s s u r e )  - t e m p e r a t u r e  p l o t s .  T h e  
t e m p e r a t u r e  p r o f i l e ,  w h i c h  s h o w s  t h e  r e l a t i o n s h i p  b e t w e e n  t e m p e r a t u r e  a n d  b u r i a l  
d e p t h ,  i s  u s e d  a s  a  g u i d e  t o  d e t e r m i n e  t h e  p r e c i p i t a t i o n  t e m p e r a t u r e  o f  q u a r t z  
o v e r g r o w t h s .  
T h e  t e m p e r a t u r e  a t  a  g i v e n  d e p t h  ( t e m p e r a t u r e  p r o f i l e )  i s  c a l c u l a t e d  u s i n g  t h e  
m e t h o d  o f  F a l v e y  a n d  M i d d l e t o n  ( 1 9 8 1 )  a n d  F a l v e y  ( 1 9 8 2 ) .  
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T a b l e  7 - 1 1  L i t h o l o g y ,  f o r m a t i o n  t o p s ,  a n d  a g e  o f  f o r m a t i o n s .  
F o r m a t i o n  
n a m e  
u n c o n f o r m i t y  
T r i a s s i c  
B a l d  H i l l  
U p p e r  B u l g o  
L o w e r  B u l g o  
S c a r b o r o u g h  
W o m b a r r a  
l I I a w a r r a  
B a s e  o f  s e c t i o n  
u n c o n f o r m i t y  
T r i a s s i c  
B a l d  H i l l  
U p p e r  B u l g o  
L o w e r  B u l g o  
S c a r b o r o u g h  
W o m b a r r a  
I l l a w a r r a  
B a s e  o f  s e c t i o n  
u n c o n f o r m i t y  
T r i a s s i c  
B a l d  H i l l  
U p p e r  B u l g o  
L o w e r  B u l g o  
S c a r b o r o u g h  
W o m b a r r a  
l I I a w a r r a  
B a s e  o f  s e c t i o n  
u n c o n f o r m i t y  
T r i a s s i c  
B a l d  H i l l  
U p p e r  B u l g o  
L o w e r  B u l g o  
S c a r b o r o u g h  
W o m b a r r a  
l I I a w a r r a  
B a s e  o f  s e c t i o n  
L i t h o l o g y  T y p e  o f  
s t r a t i g r a p h y  
D r i l l i n g  d e p t h  ( m )  A g e  ( M a )  a t  
a t  f o r m a t i o n  t o p s  f o r m a t i o n  t o p s  
L i v e r p o o l  9 1  
s a n d s t o n e  u n c o n f o r m i t y  
0  0  
s a n d s t o n e  s e d i m e n t a t i o n  
0  
2 0 5  
s h a l e  
s e d i m e n t a t i o n  
2 7 0  
2 4 1  
s a n d s t o n e  s e d i m e n t a t i o n  3 0 8  2 4 3  
s a n d s t o n e  s e d i m e n t a t i o n  4 4 2  2 4 5  
s a n d s t o n e  s e d i m e n t a t i o n  5 2 5  2 4 7  
s h a l e  s e d i m e n t a t i o n  6 5 7  2 5 2  
c o a l  m e a s u r e s  s e d i m e n t a t i o n  7 6 2  
2 5 6  
9 1 9  2 5 8  
S o u t h  C o l a h  1  
s a n d s t o n e  u n c o n f o r m i t y  
0  0  
s a n d s t o n e  
s e d i m e n t a t i o n  
0  
2 0 5  
s a n d s t o n e  s e d i m e n t a t i o n  
2 8 9  
2 4 1  
s a n d s t o n e  
s e d i m e n t a t i o n  
3 2 3  2 4 3  
s a n d s t o n e  s e d i m e n t a t i o n  4 8 2  2 4 5  
s a n d s t o n e  s e d i m e n t a t i o n  
5 4 6  2 4 7  
s h a l e  s e d i m e n t a t i o n  
6 3 8  2 5 2  
c o a l  m e a s u r e s  s e d i m e n t a t i o n  
7 5 6  2 5 6  
9 3 6  2 5 8  
C a m p b e l l t o w n  2  
s a n d s t o n e  u n c o n f o r m i t y  
0  0  
s a n d s t o n e  s e d i m e n t a t i o n  
0  2 0 5  
s h a l e  s e d i  m e  n t a t i o  n  
3 4 9  2 4 1  
s a n d s t o n e  s e d i m e n t a t i o n  
3 9 1  2 4 3  
s a n d s t o n e  s e d i m e n t a t i o n  
5 0 0  
2 4 5  
s a n d s t o n e  s e d i m e n t a t i o n  
5 6 9  
2 4 7  
s h a l e  s e d i m e n t a t i o n  6 7 4  
2 5 2  
c o a l  m e a s u r e s  s e d i m e n t a t i o n  
7 7 6  2 5 6  
8 3 6  2 5 8  
C o b b i t t y  3  
s a n d s t o n e  u n c o n f o r m i t y  
0  0  
s a n d s t o n e  s e d i m e n t a t i o n  
0  2 0 5  
s h a l e  
s e d i m e n t a t i o n  2 7 6  2 4 1  
s a n d s t o n e  
s e d i m e n t a t i o n  3 3 2  
2 4 3  
s a n d s t o n e  
s e d i m e n t a t i o n  
4 4 9  2 4 5  
s a n d s t o n e  
s e d i m e n t a t i o n  5 1 4  2 4 7  
s h a l e  
s e d i m e n t a t i o n  6 0 2  2 5 2  
c o a l  m e a s u r e s  
s e d i m e n t a t i o n  6 9 2  
2 5 6  
7 7 0  
2 5 8  
S O U T H  
C A M P B E L L T O W N  2  
1 . 8  H F U  
l O O  
.  
S E A  1 1 1  
R v  ( F l u o r e s c e n c e )  
o  
L E V E L  
- 2 0 0  
.  
,  .  
1 2 0 0 C  
y e l l o w  o r a n g e  F r  
b l u e  
F r  
- 4 0 0  
1 . 2 S  
- 6 0 0  
1 . 3 8  
S C A l E  
,  .  
0  
S k m  
l s o m  
1 . S 4  
l O O m  
- 8 0 0  
S O U T H  C O L A H  1  
1 . 7 H F U  
N O R T H  
2 6 6  
1 1 1  
R v  ( F l u o r e s c e n c e )  
N E W P O R T  F M  
B A L D  H I L L  
U P P E R  B U L G C  
0 . 9 2  
L O W E R  B U L G  
; Q  
9 S o C  
y e l l o w  c r e a m  0 0  
S C A R B O R O U <  
H  
L O S  
W O M B A R R A  
1 . 2 0  
I L L A W A R R A C  
M  
1 . 4 0  
F i g  7 ·  1 8  N o r t h · s o u t h  c r o s s  s e c t i o n  t h r o u g h  t h e  s o u t h e r n  S y d n e y  B a s i n ,  
s h o w i n g  t h e  d i s t r i b u t i o n  o f  l i q u i d  h y d r o c a r b o n  i n c l u s i o n s  ( L H I ) ,  h o m o g e n i s a t i o n  
t e m p e r a t u r e s  ( T
h
)  o f  a q u e o u s  f l u i d  i n c l u s i o n s  a n d  v i t r i n i t e  r e f l e c t a n c e s  ( R v )  
e s t i m a t e d  b y  e x t r a p o l a t i o n  f r o m  p r o f i l e s  m e a s u r e d  b y  D i e s s e l  ( 1 9 7 5 ) .  F r  =  f r a c t u r e .  
0 0  =  q u a r t z  o v e r g r o w t h s .  F l u o r e s c e n c e  r e f e r s  t o  t h a t  o f  L H I .  
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Fig 7-19 East-west cross section through the southern Sydney Basin, showing the distribution of liquid hydrocarbon inclusions (LHI), 
homogenisation temperatures (Th) of aqueous fluid inclusions and vitrinite reflectances (Rv) estimated by extrapolation from profiles measured 
by Diessel (1975). Rv in CAPE BANKS 1 is from the results measured by Middleton (1983). Fr = fracture. 00 = quartz overgrowths. 
Fluorescence refers to that of LHI. 
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T  =  f o h  [ 0  I  K ( h ) l  d
h  
( I )  K ( h )  =  K o  - ( K o  - K u )  e x p  ( - B h )  ( 1 1 )  
W h e r e  T  =  t e m p e r a t u r e  a t  a  g i v e n  d e p t h  h  ( Q C ) ,  0  =  h e a t  f l o w  ( H F U ,  1 0 .
6  
c a l  c m ·
2  
s e c · ' ) ,  K ( h )  =  d e p t h  a n d  l i t h o l o g y  r e l a t e d  t h e r m a l  c o n d u c t i v i t y  ( c a l  c m · '  s e c · '  Q C · ' ) ,  K o  
=  m a x i m u m  t h e r m a l  c o n d u c t i v i t y  a t  z e r o  p o r o s i t y  a n d  d e e p  b a s i n  t e m p e r a t u r e ,  K u  =  
m i n i m u m  t h e r m a l  c o n d u c t i v i t y  a t  s u r f a c e  p o r o s i t y  a n d  t e m p e r a t u r e ,  B  =  c o n s t a n t  f o r  
a  g i v e n  s e c t i o n  ( c m · ' ) ,  a n d  h  =  b u r i a l  d e p t h  ( c m ) .  T h e  i n t e r - d e p e n d e n c y  o f  
t e m p e r a t u r e  a n d  h e a t  f l o w  m e a n s  t h a t  i f  o n e  i s  k n o w n ,  t h e  o t h e r  c a n  b e  c a l c u l a t e d  
u s i n g  e q u a t i o n  ( I ) .  T h e  v a l u e s  o f  K o ,  K u  a n d  B  u s e d  i n  t h e  c a l c u l a t i o n  a r e  l i s t e d  i n  
t h e  f o l l o w i n g  t a b l e  ( T a b l e  7 - 1 2 ) .  
L I T H O L O G Y  
K u  
K o  
B  
( c a l  c m · '  s e c · '  Q C · ' )  ( c a l  c m · '  s e c · '  Q C · ' )  ( c m · ' )  
s h a l e "  
2 . 3  x  1 0 -
3  
5 . 0 x 1 0 ·
3  
6 . 0  x  1 0 -
6  
s a n d s t o n e "  
4 . 5 x  1 0 - 3  9 . 0 x 1 0 ·
3  
3 . 0 x  1 0 .
6  
c o a l  m e a s u r e s  #  
3 . 0 x  1 0 .
3  
6 . 0 x 1 0 ·
3  
4 . 5 x 1 0 ·
6  
"  F r o m  F a l v e y  ( 1 9 8 2 )  
#  A s s i g n e d  b y  t h e  c u r r e n t  a u t h o r  ( P . J .  E a d i n g t o n ,  p e r s o n a l  c o m m u n i c a t i o n )  t o  
b e s t  f i t  t h e  t e m p e r a t u r e  p r o f i l e  o f  i n t e r b e d d e d  s a n d  I  s h a l e .  
T h e  u p p e r  r i g h t  d i a g r a m  i n  F i g  7 - 2 0  i l l u s t r a t e s  t h e  c u r r e n t  t e m p e r a t u r e  p r o f i l e  a n d  
t h e  f l u i d  i n c l u s i o n  i s o c h o r e .  T h e  t e m p e r a t u r e  p r o f i l e  w a s  c a l c u l a t e d  a c c o r d i n g  t o  
e q u a t i o n  ( I )  u s i n g  a  h e a t  f l o w  v a l u e  o f  1 . 9  H F U ,  a  s u r f a c e  t e m p e r a t u r e  o f  2 0  Q C ,  
a n d  l i t h o l o g i c a l  d a t a  o f  t h i s  b o r e h o l e  ( C o b b i t t y  3 ) .  T h e  i s o c h o r e  s h o w n  h e r e  i s  f o r  
p u r e  w a t e r  ( R o e d d e r  a n d  B o d n a r ,  1 9 8 0 ) .  I t  s h o w s  t h e  r e l a t i o n s h i p  b e t w e e n  
t e m p e r a t u r e  a n d  b u r i a l  d e p t h  ( p r e s s u r e )  a t  t h e  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s  
a n d  i l l u s t r a t e s  p o s s i b l e  t e m p e r a t u r e  a n d  p r e s s u r e  c o m b i n a t i o n s  f o r  t h e  t r a p p i n g  o f  
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f l u i d  i n c l u s i o n s .  T h e  e n d  t e m p e r a t u r e  o f  t h e  i s o c h o r e  i s  t h e  m e a n  h o m o g e n i s a t i o n  
t e m p e r a t u r e  o f  1 0 5  o C  f o r  s a m p l e  X 5 3 1 . 9  f r o m  C o b b i t t y  3 .  A t  t h e  c u r r e n t  s a m p l e  
d e p t h  o f  5 3 1 . 9  m ,  t h e  f o r m a t i o n  t e m p e r a t u r e  i s  - 4 5  ° C  ( o b t a i n e d  f r o m  t h e  c u r r e n t  
t e m p e r a t u r e  p r o f i l e ) ,  w h i c h  i s  6 0  ° C  l o w e r  t h a n  t h e  m e a n  h o m o g e n i s a t i o n  
t e m p e r a t u r e .  T h e  h i g h e r  h o m o g e n i s a t i o n  t e m p e r a t u r e  i s  c o n s i d e r e d  t o  r e s u l t  f r o m  
e i t h e r  h i g h e r  p a l e o  h e a t  f l o w  t h a n  t h e  c u r r e n t  v a l u e  o f  1 . 9  H F U  a t  t h i s  b o r e h o l e  
l o c a t i o n  o r  g r e a t e r  d e p t h  o f  b u r i a l  o r  a  c o m b i n a t i o n  o f  t h e  t w o .  
l  
t  I f  t h e  f l u i d  i n c l u s i o n s  w e r e  t r a p p e d  a t  t h e  c u r r e n t  s a m p l e  d e p t h ,  t h e  p r e c i p i t a t i o n  
t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  w o u l d  b e  - 1 1 0  ° C  ( o b t a i n e d  f r o m  t h e  i s o c h o r e ) .  
T o  r e a c h  t h i s  t e m p e r a t u r e  a t  a  b u r i a l  d e p t h  o f  5 3 1 . 9  m ,  a  h e a t  f l o w  o f  7  H F U  w a s  
r e q u i r e d ,  w h i c h  w a s  c a l c u l a t e d  a c c o r d i n g  t o  e q u a t i o n  ( I ) .  C o n s i d e r i n g  t h a t  t h e  
m e a n  h e a t  f l o w  i n  t h e  R e d  S e a ,  a  n e w l y  f o r m e d  a c t i v e  s p r e a d i n g  c e n t r e ,  i s  o n l y  
3 . 5 3  + / - 0 . 9 6  H F U  w i t h  t h e  m a x i m u m  o f  4 . 7 1  + / - 2 . 0 0  H F U  ( E r i c k s o n  e t  a I . ,  1 9 7 5 ) ,  i t  
i s  u n l i k e l y  t h a t  a  h e a t  f l o w  o f  7  H F U  e x i s t e d  i n  t h e  g e o l o g i c a l  p a s t  i n  t h e  s o u t h e r n  
S y d n e y  B a s i n .  T h e  c o n c l u s i o n  i s  t h a t  t h e  h i g h e r  h o m o g e n i s a t i o n  t e m p e r a t u r e  a t  
l e a s t  p a r t l y  r e s u l t e d  f r o m  g r e a t e r  d e p t h  o f  b u r i a l  a n d  t h e  o v e r b u r d e n  w a s  l a t t e r  
e r o d e d  a w a y .  
U s i n g  t h e  s i m p l e s t  c a s e ,  t h e  e r o d e d  s e d i m e n t s  w e r e  m o d e l l e d  a s  d e p o s i t i o n  f r o m  
t h e  L a t e  T r i a s s i c  t o  M i d - J u r a s s i c  w i t h  e r o s i o n  f r o m  t h e  L a t e  C r e t a c e o u s .  O v e r a l l ,  
t h e  b u r i a l  h i s t o r y  o f  t h e  S y d n e y  B a s i n  w a s  m o d e l l e d  h e r e  b y  s u b s i d e n c e  t h r o u g h  
P e r m i a n  t o  M i d - J u r a s s i c ,  s t a b l e  c o n d i t i o n s  f r o m  M i d - J u r a s s i c  t o  9 0  M a  a g o ,  
f o l l o w e d  b y  r a p i d  u p l i f t  a n d  e r o s i o n  t o  1 0  M a  B P ,  a n d  t h e n  s t a b l e  c o n d i t i o n s .  T h i s  
m o d e l  i s  s i m i l a r  t o  t h a t  u s e d  b y  M i d d l e t o n  a n d  S c h m i d t  ( 1 9 8 2 ) .  I n  t h i s  m o d e l ,  t h e  
t i m e  a t  w h i c h  t h e  b a s i n  w a s  b u r i e d  t o  t h e  m a x i m u m  d e p t h  w a s  a r t i f i c i a l l y  a s s i g n e d  
t o  a  t i m e  f r o m  w i t h i n  a  r a n g e  o f  1 8 0  t o  1 5 2  M a  B P ,  w h i c h  a r e  t h e  b o u n d a r i e s  o f  
M i d d l e  J u r a s s i c  ( 1 9 8 9  G l o b a l  S t r a t i g r a p h i c  C h a r t ,  S u p p l e m e n t s  t o  E p i s o d e s  1 2  
( 2 ) ,  J u n e ,  1 9 8 9 ) .  I n  r e c o n s t r u c t i o n  o f  b u r i a l  c u r v e s ,  c o m p a c t i o n  o f  s e d i m e n t s  w a s  
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c o r r e c t e d  u s i n g  t h e  m e t h o d  o f  D y k s t r a  ( 1 9 8 7 ) .  U s i n g  t h e  s t r a t i g r a p h i c  d a t a  o f  t h e  
C o b b i t t y  3  b o r e h o l e  ( T a b l e  7 - 1 1 )  a n d  a s s i g n i n g  t h a t  t h e  b a s i n  a t  t h i s  b o r e h o l e  
l o c a t i o n  w a s  b u r i e d  t o  t h e  m a x i m u m  d e p t h  a t  a  t i m e  o f  1 6 5  M a  B P ,  t h e  b u r i a l  c u r v e s  
f o r  t h e  t o p  a n d  b o t t o m  o f  t h e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t ,  f r o m  w h i c h  s a m p l e  
X 5 3 1 . 9  w a s  s e l e c t e d ,  w e r e  r e c o n s t r u c t e d  w i t h  d i f f e r e n t  a m o u n t s  o f  e r o d e d  
s e d i m e n t s ,  a s  s h o w n  i n  t h e  u p p e r  m i d d l e  d i a g r a m  i n  F i g  7 - 2 0 .  
Q u a r t z  ( o v e r g r o w t h )  i s  a  l a t e  d i a g e n e t i c  p r o d u c t ,  a s  i n d i c a t e d  i n  t h e  l a s t  c h a p t e r .  I t s  
c r y s t a l l i s a t i o n  l a s t e d  a  c e r t a i n  p e r i o d  o f  t i m e  d u r i n g  b a s i n  s u b s i d e n c e .  T h e  
c e s s a t i o n  t i m e  o f  q u a r t z  o v e r g r o w t h  i s  a s s u m e d  t o  b e  t h e  t i m e  w h e n  t h e  b a s i n  w a s  
b u r i e d  t o  t h e  m a x i m u m  d e p t h .  T h u s  t h e  t i m e  a t  w h i c h  q u a r t z  o v e r g r o w t h  c e a s e d  
c a n  b e  k n o w n  f r o m  t h e  b u r i a l  h i s t o r y  o f  t h e  b a s i n .  T h i s  t i m e  i s  t a k e n  a s  t h e  t i m e  
w h e n  t h e  i n c l u s i o n s  w e r e  t r a p p e d  w i t h i n  q u a r t z  o v e r g r o w t h s  e v e n  t h o u g h  s t r i c t l y  
s p e a k i n g  i t  w a s  s l i g h t l y  y o u n g e r  t h a n  t h e  l a t t e r  s i n c e  a  p e r i o d  w a s  r e q u i r e d  s o  t h a t  
q u a r t z  o v e r g r o w t h  c o u l d  d e v e l o p  f u r t h e r  a n d  w a s  a b l e  t o  t r a p  ( e n c l o s e )  t h e  
i n c l u s i o n s .  S i n c e  t h e  t i m e  a t  w h i c h  t h e  b a s i n  a t  a  g i v e n  b o r e  h o l e  l o c a t i o n  w a s  
b u r i e d  t o  t h e  m a x i m u m  d e p t h  w a s  a r t i f i c i a l l y  a s s i g n e d  t o  a  t i m e  f r o m  w i t h i n  a  r a n g e  
o f  1 8 0  t o  1 5 2  M a  B P ,  a s  m e n t i o n e d  b e f o r e ,  t h e  f o r m a t i o n  t i m e  o f  f l u i d  i n c l u s i o n s  
w a s  a r t i f i c i a l l y  ' s e t  t o o  a n d  c a n  v a r y  f r o m  1 8 0  t o  1 5 2  M a  B P .  H o w e v e r ,  n o  m a t t e r  
w h a t  a  p a r t i c u l a r  t i m e  f r o m  t h e  r a n g e  o f  1 8 0  t o  1 5 2  M a  B P  w a s  s e t  f o r  t h e  f o r m a t i o n  
t i m e  o f  f l u i d  i n c l u s i o n s ,  t h i s  a g e  w o u l d  b e  o l d e r  t h a n  t h a t  o f  f i n e s t  i I I i t e  s e p a r a t e s  
( 1 4 6 . 2  t o  9 0 . 5  M a ,  T a b l e  7 - 7 )  w h i c h  c o n s t r a i n s  t h e  e a r l i e s t  t i m e  a t  w h i c h  t h e  i l l i t e  
f o r m a t i o n  c e a s e d .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v e d  p a r a g e n e t i c  s e q u e n c e  i n  
w h i c h  q u a r t z  o v e r g r o w t h  f o r m e d  e a r l i e r  t h a n  i I I i t e .  
T h e  b u r i a l  h i s t o r y  d i a g r a m  i n  F i g  7 - 2 0  i l l u s t r a t e s  t h r e e  c a s e s  w i t h  d i f f e r e n t  a m o u n t s  
o f  e r o d e d  s e d i m e n t s .  T h e y  w i l l  b e  d i s c u s s e d  o n e  b y  o n e  w i t h  o n e  o f  t h e m  b e i n g  
c h o s e n  a s  t h e  f a v o u r e d  m o d e l  o n  t h e  b a s i s  o f  o p t i m i s i n g  t h e  f i t  b e t w e e n  f l u i d  
i n c l u s i o n  c o n s t r a i n t s  a n d  m a t u r i t y  c o n s t r a i n t s  u s i n g  c o m p u t e d  m a t u r i t y  a s  a  m e a n  
f o r  c o m p a r i s o n .  V i t r i n i t e  r e f l e c t a n c e  i s  u s e d  h e r e  a s  t h e  m a t u r i t y  m e a s u r e .  I t  w a s  
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' I  c a l c u l a t e d  { % R o  =  1 2 e x p [ - 3 . 3 ( H t C ) ]  - O t C n  u s i n g  t h e  k i n e t i c  s c h e m e  a n d  r e a c t i o n  
r a t e  c o n s t r a i n t s  o f  B u r n h a m  a n d  S w e e n e y  ( 1 9 8 9 )  f o r  t h e  c h e m i c a l  r e a c t i o n s  
( c r a c k i n g  t o  C O
2
,  H
2
0 ,  C H
4  
a n d  C H n )  w h i c h  a c c o m p a n y  i n c r e a s e d  r e f l e c t a n c e  i n  
v i t r i n i t e  ( S a x b y  e t  a I . ,  1 9 8 6 ) .  T h e  d e t a i l e d  p r o c e d u r e s  i n v o l v e d  i n  t h i s  c a l c u l a t i o n  
w e r e  e x p l a i n e d  b y  B u r n h a m  a n d  S w e e n e y  ( 1 9 8 9 ) .  T h e  k i n e t i c  c a l c u l a t i o n  w a s  
c a r r i e d  o u t  a l o n g  a  t e m p e r a t u r e  - b u r i a l  d e p t h  p a t h  w i t h  d e c o m p a c t i o n  a n d  w i t h  
t e m p e r a t u r e  c o m p u t e d  f r o m  e q u a t i o n  ( I ) .  
C a s e  I :  A n  e r o d e d  s e c t i o n  o f  9 0 0  m  w a s  r e s t o r e d .  A f t e r  t h i s  r e s t o r a t i o n ,  t h e  
r e c o n s t r u c t e d  b u r i a l  h i s t o r y  c u r v e s  f o r  t h e  t o p  a n d  b o t t o m  o f  t h e  S C  u n i t  a r e  t h o s e  
m a r k e d  w i t h  I ,  a s  s h o w n  i n  t h e  u p p e r  m i d d l e  d i a g r a m  i n  F i g  7 - 2 0 .  T h e  s a m p l e  
( X 5 3 1 . 9 )  a t  t h e  c u r r e n t  d e p t h  o f  5 3 1 . 9  m  w o u l d  b e  b u r i e d  t o  - 1 4 3 0  ( 9 0 0  +  5 3 1 . 9 )  m  
a t  1 6 5  M a  B P  w h e n  t h e  f l u i d  i n c l u s i o n s  w e r e  t r a p p e d .  T h i s  b u r i a l  l e d  t o  t h e  
f o r m a t i o n  t e m p e r a t u r e  o f  t h e  f l u i d  i n c l u s i o n s  b e i n g  - 1 1 3  o C  ( o b t a i n e d  f r o m  t h e  
i s o c h o r e ,  r e f e r  t o  t h e  l e f t  d i a g r a m  i n  F i g  7 - 2 0 ) .  T o  g e t  t h i s  t e m p e r a t u r e  a t  a  b u r i a l  
d e p t h  o f  1 4 3 0  m ,  t h e  h e a t  f l o w  a t  1 6 5  M a  B P  s h o u l d  b e  2 . 6  H F U ,  w h i c h  w a s  
c a l c u l a t e d  f r o m  e q u a t i o n  ( I )  i f  t h e  s u r f a c e  t e m p e r a t u r e  w a s  1 5  C C  a n d  K u ,  K o  a n d  B  
o f  c o a l  m e a s u r e s  w e r e  u s e d  f o r  t h e  e r o d e d  s e d i m e n t s .  T h e  l i t h o l o g i e s  o f  e r o d e d  
s e d i m e n t s  a r e  u n k n o w n .  I t  i s  e x p e c t e d  t h a t  t h e y  a r e  a n  i n t e r b e d d e d  s a n d s t o n e  t  
s h a l e  s e q u e n c e .  A s  s h o w n  i n  T a b l e  7 - 1 2 ,  K u ,  K o  a n d  B  o f  c o a l  m e a s u r e s  l i e  
b e t w e e n  t h o s e  o f  s a n d s t o n e s  a n d  t h o s e  o f  s h a l e s .  T h u s  i t  i s  p r o b a b l y  a p p r o p r i a t e  
t h a t  K
u
,  K o  a n d  B  o f  c o a l  m e a s u r e s  w e r e  u s e d  f o r  t h e  e r o d e d  s e d i m e n t s .  T h e  p a l  e o  
t e m p e r a t u r e  p r o f i l e  c o r r e s p o n d i n g  t o  a  h e a t  f l o w  v a l u e  o f  2 . 6  H F U  i s  t h e  o n e  
m a r k e d  w i t h  I ,  a s  s h o w n  i n  t h e  l e f t  d i a g r a m  i n  F i g  7 - 2 0 .  
T h e  a b o v e  c a l c u l a t i o n  r e s u l t e d  i n  a  h e a t  f l o w  o f  2 . 6  H F U  a t  1 6 5  M a  B P .  O b v i o u s l y  
t h e r e  a r e  a  c o u n t l e s s  n u m b e r  o f  h e a t  f l o w  v a r i a t i o n s  f r o m  2 . 6  H F U  a t  1 6 5  M a  B P  t o  
1 . 9  H F U  a t  t h e  p r e s e n t  t i m e ,  b u t  t h e  v a r i a t i o n  c a n  b e  c o n s t r a i n e d  b y  t h e  m e a s u r e d  
v i t r i n i t e  r e f l e c t a n c e  d a t a  ( O i e s s e l ,  1 9 7 5 ) .  T w o  p o s s i b l e  v a r i a t i o n  m o d e l s  1 - 1  a n d  1 - 2  
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a r e  s h o w n  i n  t h e  l o w e r  m i d d l e  d i a g r a m  i n  F i g  7 - 2 0 .  I n  m o d e l  1 - 1 ,  h e a t  f l o w  
i n c r e a s e d  t o  t h e  m a x i m u m  o f  2 . 8  H F U  a t  - 9 0  M a  B P  a n d  t h e n  d e c r e a s e d  t o  t h e  
c u r r e n t  v a l u e  o f  1 . 9  H F U .  I n  m o d e l  1 - 2 ,  h e a t  f l o w  r e a c h e d  t o  t h e  m a x i m u m  o f  2 . 6  
H F U  a t  1 6 5  M a  B P  a n d  t h e n  d e c l i n e d  t o  t h e  c u r r e n t  v a l u e .  U s i n g  b u r i a l  h i s t o r y  
m o d e l  I  a n d  h e a t  f l o w  h i s t o r y  m o d e l  1 - 1  o r  1 - 2 ,  t h e  v i t r i n i t e  r e f l e c t a n c e  ( R v )  d e p t h  
p r o f i l e s  ( 1 - 1  a n d  1 - 2 )  w e r e  t h e o r e t i c a l l y  c a l c u l a t e d ,  a s  i l l u s t r a t e d  i n  t h e  l o w e r  r i g h t  
d i a g r a m  i n  F i g  7 - 2 0 .  R v  p r o f i l e  1 - 2  n e i t h e r  m a t c h e s  t h e  m e a s u r e d  R v  a t  t h e  s u r f a c e  
n o r  t h e  R v  a t  t h e  t o p  o f  t h e  l I I a w a r r a  C o a l  M e a s u r e s .  T h u s  h e a t  f l o w  h i s t o r y  m o d e l  1 -
2  i s  d i s c a r d e d .  R v  p r o f i l e  1 - 1  f i t s  t h e  m e a s u r e d  R v  a t  t h e  t o p  o f  t h e  c o a l  m e a s u r e s  
b u t  i t  d o e s  n o t  f i t  t h e  R v  a t  t h e  s u r f a c e .  T h u s  h e a t  f l o w  h i s t o r y  m o d e l  1 - 1  i s  a l s o  
d i s c a r d e d .  O t h e r  h e a t  f l o w  h i s t o r y  m o d e l s  w e r e  t r i e d  ( n o t  s h o w n  i n  t h e  l o w e r  
m i d d l e  d i a g r a m  i n  F i g  7 - 2 0 ) .  T h e  r e s u l t s  w e r e  t h a t  t h e  c a l c u l a t e d  R v d e p t h  p r o f i l e s  
c o u l d  n o t  w e l l  f i t  b o t h  t h e  m e a s u r e d  R v  a t  t h e  s u r f a c e  a n d  t h e  R v  a t  t h e  t o p  o f  t h e  
c o a l  m e a s u r e s .  T h e  c o n c l u s i o n  f r o m  C a s e  I  m o d e l l i n g  i s  t h a t  t h e  a m o u n t  o f  e r o d e d  
s e d i m e n t s  s h o u l d  b e  i n c r e a s e d  t o  a p p r o x i m a t e  t h e  s u r f a c e  m a t u r i t y  
m e a s u r e m e n t s .  
C a s e  1 1 .  A n  e r o d e d  s e c t i o n  o f  1 8 0 0  m  w a s  r e s t o r e d .  A f t e r  t h i s  r e s t o r a t i o n ,  t h e  b u r i a l  
h i s t o r y  c u r v e s  f o r  t h e  t o p  a n d  b o t t o m  o f  t h e  S C  u n i t  w e r e  r e c o n s t r u c t e d  a n d  m a r k e d  
w i t h  1 1 ,  a s  s h o w n  i n  t h e  b u r i a l  h i s t o r y  d i a g r a m  ( F i g  7 - 2 0 ) .  W h e n  t h e  f l u i d  i n c l u s i o n s  
w e r e  t r a p p e d ,  t h e  s a m p l e  w a s  b u r i e d  t o  - 2 3 3 0  ( 1 8 0 0  +  5 3 1 . 9 )  m ,  l e a d i n g  t o  t h e  
f o r m a t i o n  t e m p e r a t u r e  o f  f l u i d  i n c l u s i o n s  o f  - 1 2 1  Q C .  U s i n g  t h e  s a m e  a p p r o a c h  a s  
d e s c r i b e d  i n  C a s e  I ,  t h e  c a l c u l a t e d  h e a t  f l o w  w a s  1 . 9  H F U  a t  1 6 5  M a  B P .  T h e  
c o r r e s p o n d i n g  p a l e o  t e m p e r a t u r e  p r o f i l e  i s  t h e  o n e  m a r k e d  w i t h  1 1  a n d  i l l u s t r a t e d  i n  
t h e  p a l e o  t e m p e r a t u r e  p r o f i l e  d i a g r a m  i n  F i g  7 - 2 0 .  S i m i l a r  t o  C a s e  I ,  t w o  p o s s i b l e  
h e a t  f l o w  v a r i a t i o n  m o d e l s  1 1 - 1  a n d  1 1 - 2  a r e  s h o w n  i n  t h e  h e a t  f l o w  h i s t o r y  d i a g r a m  
( F i g  7 - 2 0 ) .  I n  m o d e l  1 1 - 1 ,  h e a t  f l o w  d i d  n o t  c h a n g e  w i t h  t i m e .  I n  m o d e l  1 1 - 2 ,  h e a t  f l o w  
w a s  m o d e l l e d  a s  r e a c h i n g  t o  t h e  m a x i m u m  o f  2 . 1  H F U  a t  - 9 0  M a  B P  a n d  t h e n  
d e c l i n i n g  t o  t h e  c u r r e n t  v a l u e  o f  1 . 9  H F U .  U s i n g  b u r i a l  h i s t o r y  m o d e l  1 1  a n d  h e a t  
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f l o w  h i s t o r y  m o d e l  1 1 - 1  o r  1 1 - 2 ,  t h e  c a l c u l a t e d  R y  d e p t h  p r o f i l e  i s  1 1 - 1  o r  1 1 - 2 ,  a s  
i l l u s t r a t e d  i n  t h e  v i t r i n i t e  r e f l e c t a n c e  d i a g r a m  ( F i g  7 - 2 0 ) .  R y  p r o f i l e  1 1 - 1  d o e s  n o t  
m a t c h  e i t h e r  t h e  m e a s u r e d  R y  a t  t h e  s u r f a c e  o r  t h e  R y  a t  t h e  t o p  o f  t h e  l I I a w a r r a  
C o a l  M e a s u r e s  a n d  s o  h e a t  f l o w  h i s t o r y  m o d e l  1 1 - 1  i s  d i s c a r d e d .  I n  c o n t r a s t ,  R y  
p r o f i l e  1 1 - 2  f i t s  t h e  m a t u r i t y  m e a s u r e m e n t s  r e a s o n a b l y  w e l l .  
C a s e  I l l :  T h e  e r o d e d  s e c t i o n  i s  f u r t h e r  i n c r e a s e d  t o  2 4 0 0  m .  A f t e r  t h e  r e s t o r a t i o n  o f  
t h e  2 4 0 0  m  o v e r b u r d e n ,  t h e  r e c o n s t r u c t e d  b u r i a l  h i s t o r y  c u r v e s  f o r  t h e  t o p  a n d  
b o t t o m  o f  t h e  S C  u n i t  a r e  t h e  o n e s  m a r k e d  w i t h  I I I  i n  t h e  b u r i a l  h i s t o r y  d i a g r a m  ( F i g  
7 - 2 0 ) .  T h e  f l u i d  i n c l u s i o n s  w e r e  t r a p p e d  a t  a  b u r i a l  d e p t h  o f  - 2 9 3 0  ( 2 4 0 0  +  5 3 1 . 9 )  
m  a n d  a  t e m p e r a t u r e  o f  - 1 2 5  o C .  A t  1 6 5  M a  B P ,  t h e  h e a t  f l o w  w a s  c a l c u l a t e d  t o  b e  
1 . 6 0  H F U  a n d  t h e  c o r r e s p o n d i n g  p a l e o  t e m p e r a t u r e  p r o f i l e  i s  t h e  o n e  m a r k e d  w i t h  
I l l .  O n e  p o s s i b l e  h e a t  f l o w  v a r i a t i o n  m o d e l  ( m a r k e d  w i t h  I l l )  i s  s h o w n  i n  t h e  h e a t  
f l o w  h i s t o r y  d i a g r a m  ( F i g  7 - 2 0 ) .  I t  w a s  m o d e l l e d  a s  i n c r e a s i n g  l i n e a r l y  f r o m  1 . 6 0  
H F U  a t  1 6 5  M a  B P  t o  t h e  c u r r e n t  v a l u e  o f  1 . 9  H F U .  U s i n g  t h i s  h e a t  f l o w  h i s t o r y  
m o d e l  a n d  b u r i a l  h i s t o r y  m o d e l  I l l ,  t h e  c a l c u l a t e d  R y  d e p t h  p r o f i l e  i s  t h e  o n e  
m a r k e d  w i t h  I l l .  T h i s  p r o f i l e  m a t c h e s  t h e  m e a s u r e d  R y  v a l u e s  v e r y  w e l l .  
S e a  f l o o r  s p r e a d i n g  i n  t h e  T a s m a n  S e a  c o m m e n c e d  a t  7 6  M a  B P  ( S h a w ,  1 9 7 8 ) .  
P r i o r  t o  i t ,  a  r e g i m e  o f  h i g h  h e a t  f l o w  i s  e x p e c t e d  t o  o c c u r  ( F a l v e y ,  1 9 7 4 ) .  T h i s  
r e g i m e  m u s t  h a v e  h a d  a n  i n f l u e n c e  o n  t h e  h e a t  f l o w  i n  t h e  a d j a c e n t  S y d n e y  B a s i n .  
T h e r e f o r e ,  i t  i s  m o s t  l i k e l y  t h a t  t h e  m a x i m u m  h e a t  f l o w  o c c u r r e d  i n  t h e  s o u t h e r n  
S y d n e y  B a s i n  p r i o r  t o  t h e  T a s m a n  S e a  s p r e a d i n g .  O n  t h i s  g e o l o g i c a l  g r o u n d ,  h e a t  
f l o w  h i s t o r y  m o d e l  I I I  i s  d i s c a r d e d  e v e n  t h o u g h  t h e  c a l c u l a t e d  R y  d e p t h  p r o f i l e  ( I l l )  
f i t s  t h e  m e a s u r e d  R y  v e r y  w e l l .  H e a t  f l o w  h i s t o r y  m o d e l  1 1  i n d i c a t e s  a  t h e r m a l  e v e n t  
a t  - 9 0  M a  B P  a n d  c o r r e s p o n d i n g  c a l c u l a t e d  R y  d e p t h  p r o f i l e  1 1  f i t s  t h e  m a t u r i t y  
m e a s u r e m e n t s  r e a s o n a b l y  w e l l .  T h u s  i t  i s  t a k e n  a s  t h e  d e d u c e d  h e a t  f l o w  h i s t o r y  
m o d e l .  T h e  a m o u n t  o f  e r o d e d  s e d i m e n t s  i s  - 1 8 0 0  m  t h i c k  a n d  t h e  p r e c i p i t a t i o n  
t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  - 1 2 1  o C  a t  t h e  C o b b i t t y  3  b o r e h o l e .  
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I t  s h o u l d  b e  n o t e d  t h a t  t h e  p a r t i c u l a r  t i m e  ( f o r m a t i o n  t i m e  o f  f l u i d  i n c l u s i o n s )  a t  
w h i c h  t h e  b a s i n  w a s  m o d e l l e d  t o  b e  b u r i e d  t o  t h e  m a x i m u m  d e p t h  b e a r s  n o  
s i g n i f i c a n t  i n f l u e n c e  o n  t h e  d e d u c e d  h e a t  f l o w  h i s t o r y .  I f  t h i s  t i m e  w a s  c h a n g e d  
f r o m  1 6 5  M a  B P  t o  a n o t h e r  o n e  w i t h i n  t h e  r a n g e  o f  1 8 0  t o  1 5 2  M a  B P ,  a  m u c h  t h e  
s a m e  h e a t  f l o w  h i s t o r y ,  a  m u c h  t h e  s a m e  a m o u n t  o f  e r o d e d  s e d i m e n t s  a n d  a  m u c h  
t h e  s a m e  p r e c i p i t a t i o n  t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  w o u l d  b e  o b t a i n e d  b y  
m o d e l l i n g .  
U s i n g  t h i s  a p p r o a c h ,  t h e  a m o u n t  o f  e r o d e d  s e d i m e n t s ,  t h e  p r e c i p i t a t i o n  
t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  a n d  h e a t  f l o w  h i s t o r y  a t  t h e  o t h e r  t h r e e  
b o r e h o l e s  h a v e  b e e n  o b t a i n e d .  T h e  c o m p u t e d  c u r r e n t  t e m p e r a t u r e  p r o f i l e  a n d  
p a l e o  t e m p e r a t u r e  p r o f i l e  a r e  s h o w n  i n  F i g s  7 - 2 1  &  7 - 2 2 .  T h e  c u r r e n t  t e m p e r a t u r e  
p r o f i l e  s t a r t s  a t  a  s u r f a c e  t e m p e r a t u r e  o f  2 0  D C  a n d  t h e  p a l  e o  t e m p e r a t u r e  p r o f i l e  a t  
1 5  D C .  T h e  t i m e  ( f o r m a t i o n  t i m e  o f  f l u i d  i n c l u s i o n s )  b e s i d e  i t  w a s  a r t i f i c i a l l y  s e t  i n  
i n d i v i d u a l  b o r e h o l e s .  I t  i s  1 7 0  M a  B P  a t  C a m p b e l l t o w n  2  ( F i g  7 - 2 1 ) ,  1 6 8  M a  B P  a t  
S o u t h  C o l a h  1 ,  a n d  1 6 5  M a  B P  a t  L i v e r p o o l  9 1  ( F i g  7 - 2 2 ) .  T h e  h e a t  f l o w  v a l u e  a t  
t h i s  t i m e  i s  c o m p u t e d  a n d  s h o w n  i n  t h e  d i a g r a m s  ( F i g s  7 - 2 1  &  7 - 2 2 )  
T h e  b u r i a l  h i s t o r y  c u r v e s  f o r  t h e  t o p  a n d  b o t t o m  o f  t h e  s t r a t i g r a p h i c  u n i t ,  f r o m  w h i c h  
t h e  s a m p l e  w a s  s e l e c t e d ,  a r e  s h o w n  i n  F i g s  7 - 2 3  a n d  7 - 2 4 .  T h e  d e d u c e d  h e a t  f l o w  
h i s t o r y ,  t o g e t h e r  w i t h  t h e  s p e c u l a t e d  v a r i a t i o n  o f  s u r f a c e  t e m p e r a t u r e  w i t h  t i m e ,  a t  
i n d i v i d u a l  b o r e h o l e s  a r e  i l l u s t r a t e d  i n  F i g  7 - 2 5  a n d  t h e  t h e o r e t i c a l  c a l c u l a t e d  
v i t r i n i t e  r e f l e c t a n c e  d e p t h  p r o f i l e s  i n  F i g  7 - 2 6 .  
T h e  m o d e l l i n g  r e s u l t s  a r e  t h a t  t h e  a m o u n t  o f  e r o d e d  s e d i m e n t s  a n d  t h e  
p r e c i p i t a t i o n  t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  a r e  - 2 2 0 0  m  a n d  - 1 3 5  D C  a t  
C a m p b e l l t o w n  2 ,  - 1 9 5 0  m  a n d  - 1 2 6  D C  a t  L i v e r p o o l  9 1 ,  - 1 8 0 0  m  a n d  - 1 2 1  D C  
a t  C o b b i t t y  3 ,  a n d  - 1 6 0 0  m  a n d  - 1 1 0  D C  a t  S o u t h  C o l a h  1 .  T h e  l a r g e r  a m o u n t  o f  
e r o d e d  s e d i m e n t s  a t  C a m p b e l l t o w n  2  s u g g e s t s  t h e r e  w a s  a n  a p p a r e n t  d e p o c e n t e r  
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Fig 7-26 Measured and calculated vitrinite reflectance for the Cobbitty 3, Campbelltown 2, Liverpool 91 and South 
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n e a r  t h i s  b o r e  h o l e  i n  m i d d l e - J u r a s s i c .  I n  t h e  S y d n e y  B a s i n ,  s u c h  a  l a r g e  a m o u n t  o f  
e r o d e d  s e c t i o n  h a s  b e e n  a  m a t t e r  o f  c o n t e n t i o n  i n  r e g a r d  t o  w h e r e  t h e  e r o d e d  
s e d i m e n t s  h a v e  b e e n  d e p o s i t e d  ( B r a n a g a n ,  1 9 8 3 ) .  M i d d l e t o n  a n d  H u n t  ( 1 9 8 9 )  
a t t e m p t e d  t o  r e s o l v e  t h i s  p r o b l e m .  T h e y  s u g g e s t e d  t h a t  o p e n i n g  o f  t h e  T a s m a n  
S e a  i n  t h e  L a t e  C r e t a c e o u s  w o u l d  h a v e  c r e a t e d  a  c h a n g e  i n  o c e a n i c  c i r c u l a t i o n .  
A s  a  r e s u l t ,  t h e  e r o d e d  s e d i m e n t s  w o u l d  h a v e  b e e n  r e d i s t r i b u t e d  a f t e r  i n i t i a l  
d e p o s i t i o n  i n  o f f s h o r e  e a s t e r n  A u s t r a l i a  d u r i n g  t h e  L a t e  C r e t a c e o u s  a n d  
P a l e o c e n e .  H o w e v e r ,  t h e r e  i s  n o  c o n c r e t e  e v i d e n c e  t o  s u p p o r t  t h i s  s u g g e s t i o n .  
T h e  p r o p o s e d  h e a t  f l o w  h i s t o r y  w h i c h  b e s t  f i t  t h e  f l u i d  i n c l u s i o n  a n d  v i t r i n i t e  
r e f l e c t a n c e  d a t a  i s  o n e  w i t h  a  m a x i m u m  h e a t  f l o w  o f  2 . 1  H F U  a t  - 9 0  M a  B P  
r e l a t i v e  t o  t h e  c u r r e n t  h e a t  f l o w  o f  1 . 7  t o  1 . 9  H F U  i n  t h e  s t u d y  a r e a .  T h e  s u g g e s t e d  
m a x i m u m  h e a t  f l o w  a n d  i t s  t i m i n g  a r e  c o n s i s t e n t  w i t h  s e v e r a l  i n d e p e n d e n t  l i n e s  o f  
e v i d e n c e  f o r  h i g h  p a l e o t e m p e r a t u r e s  i n  t h e  S y d n e y  B a s i n .  T h e s e  i n c l u d e  1 )  
m a g n e t i c  o v e r p r i n t i n g  i n  s e v e r a l  i g n e o u s  i n t r u s i o n s  i n  t h e  S y d n e y  B a s i n  o c c u r r i n g  
f r o m  1 0 0  t o  7 0  M a  B P  ( S c h m i d t  a n d  E m b l e t o n ,  1 9 8 1 ) ;  2 )  f i s s i o n  t r a c k  a n a l y s e s  o f  
b a s e m e n t  a p a t i t e s  f r o m  t h e  S y d n e y  B a s i n  a n d  i t s  s o u t h e r n  m a r g i n  i n d i c a t i n g  a  
w i d e s p r e a d  t h e r m a l  e v e n t  a t  1 1 0  - 8 0  M a  B P  ( M o o r e  e t  a I . ,  1 9 8 6 ) ;  a n d  3 )  h i g h  c o a l  
r a n k s  i n  t h e  S y d n e y  B a s i n  ( F a c e r  e t  a I . ,  1 9 8 0 ;  M i d d l e t o n  a n d  S c h m i d t ,  1 9 8 2 ;  
M i d d l e t o n ,  1 9 8 3 ) .  T h e  m i d - C r e t a c e o u s  t i m i n g  o f  h i g h  h e a t  f l o w  w a s  p r o b a b l y  
r e l a t e d  t o  t h e  l a t e  C r e t a c e o u s  T a s m a n  S e a  s p r e a d i n g .  
7 . 5 . 3  T I M I N G  A N D  A M O U N T  O I L  G E N E R A T I O N  
U s i n g  t h e  t h e r m a l  a n d  b u r i a l  h i s t o r i e s  o b t a i n e d  f r o m  e v a l u a t i o n  o f  f l u i d  i n c l u s i o n  
a n d  v i t r i n i t e  r e f l e c t a n c e  d a t a ,  h y d r o c a r b o n  g e n e r a t i o n  w a s  c a l c u l a t e d .  T h e  
p r o g r e s s  o f  o i l  g e n e r a t i o n  w a s  m o d e l l e d  b y  e v a l u a t i o n  o f  t h e  s u m :  
x  =  L  X
i
•
O  
{ 1 - e x p  I - A  J ( - E ( R T l d t ] }  
o v e r  i  r e a c t i o n  g r o u p s  w i t h  a c t i v a t i o n  e n e r g i e s  ( E )  b e t w e e n  4 0  a n d  8 0  K c a l l m o l e ,  
"  
2 8 3  
u s i n g  a n  i n t e r v a l  o f  2  k c a l / m o l e  ( U n g e r e r  a n d  P e l e t ,  1 9 8 7 ) .  X  i s  t h e  a m o u n t  o f  o i l  
g e n e r a t e d ,  X o  t h e  i n i t i a l  o i l  g e n e r a t i n g  p o t e n t i a l  ( w t . l w t . ) ,  A  t h e  f r e q u e n c y  f a c t o r ,  R  
t h e  u n i v e r s a l  g a s  c o n s t a n t ,  T  a b s o l u t e  t e m p e r a t u r e  ( O K ) ,  a n d  t  t i m e  ( s e c s ) .  T h e  
s u b s c r i p t  i  r e f e r s  t o  g r o u p s  o f  r e a c t i n g  e n t i t i e s  w i t h  s i m i l a r  a c t i v a t i o n  e n e r g i e s .  
V a r i a b l e s  w i t h  i  s u b s c r i p t  v a r y  w i t h  t h e  t y p e  o f  o r g a n i c  m a t t e r .  F o r  t y p e  I  a n d  t y p e  1 1  
o r g a n i c  m a t t e r  t h e  r e a c t i o n  r a t e  c o n s t a n t s  o f  U n g e r e r  a n d  P e l e t  ( 1 9 8 7 )  w e r e  u s e d  
a n d  f o r  t y p e  I I I  o r g a n i c  m a t t e r  t h e  r e a c t i o n  r a t e  c o n s t a n t s  o f  B u r n h a m  a n d  S w e e n e y  
( 1 9 8 9 )  w e r e  u s e d .  R a t e  c o n s t a n t s  f o r  t h e r m a l  c r a c k i n g  o f  l i q u i d s  t o  g a s  w e r e  a d d e d  
b y  t h e  c u r r e n t  a u t h o r  u n d e r  t h e  a d v i c e  o f  D r  P e t e r  E a d i n g t o n .  
T h e  m e t h o d  h a s  b e e n  v a l i d a t e d  b y  s u c c e s s f u l l y  m o d e l l i n g  l o n g  t e r m  e x p e r i m e n t s  
( o v e r  6  y e a r s )  f o r  t h e  g e n e r a t i o n  o f  h y d r o c a r b o n s  f r o m  A u s t r a l i a n  s o u r c e  r o c k s  
( E a d i n g t o n  e t  a I . ,  1 9 8 9 ) .  I n  t h e  e x p e r i m e n t s  L o y  Y a n g  b r o w n  c o a l  i n  t h e  G i p p s l a n d  
B a s i n  w a s  s e l e c t e d  a s  t y p e  1 1 1  o r g a n i c  m a t t e r  a n d  G l e n  D a v i s  o i l  s h a l e  i n  t h e  
S y d n e y  B a s i n  a s  t y p e  I  o r g a n i c  m a t t e r  ( S a x b y  e t  a I . ,  1 9 8 6 ) .  
T h e  c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  u s e d  i n  t h e  c a l c u l a t i o n  i s  9 5 %  t y p e  I I I  a n d  5 %  
t y p e  1 1 .  T h i s  i s  t y p i c a l  o f  t h e  S y d n e y  B a s i n  c o a l s  ( H u n t ,  1 9 8 9 ) .  T h e  d i a g r a m s  
s h o w i n g  t h e  p r o g r e s s  o f  o i l  g e n e r a t i n g  r e a c t i o n s  i n  t h e  I l I a w a r r a  C o a l  M e a s u r e s  
a r e  i l l u s t r a t e d  i n  F i g  7 - 2 7 .  T h e y  i n d i c a t e  w t . / w t .  c o n v e r s i o n  o f  o r g a n i c  m a t t e r  t o  
w a t e r ,  c a r b o n  d i o x i d e ,  m e t h a n e  a n d  o i l  o n  a  f r a c t i o n a l  b a s i s .  A s  s h o w n  i n  t h e s e  
d i a g r a m s ,  a b o u t  1 0  w t . %  o f  t h e  o r g a n i c  m a t t e r  w a s  c o n v e r t e d  t o  m e t h a n e  a n d  o i l  
w i t h  m o s t  o f  t h e  o i l  c o n t r i b u t e d  b y  t y p e  1 1  m a c e r a l s  a n d  a b o u t  3 5  w t . %  t o  w a t e r  a n d  
c a r b o n  d i o x i d e .  A p p r o x i m a t e l y  5 5  w t . %  o f  t h e  o r g a n i c  m a t t e r  w a s  l e f t  a s  a  
r e s i d u u m .  O i l  w a s  g e n e r a t e d  b e t w e e n  a b o u t  1 9 0  a n d  1 7 0  M a  B P  a n d  m e t h a n e  
b e t w e e n  a b o u t  1 7 0  a n d  1 4 0  M a  B P .  A s  i n d i c a t e d  a b o v e ,  c e s s a t i o n  o f  q u a r t z  
o v e r g r o w t h s  w a s  a s s u m e d  t o  t a k e  p l a c e  f r o m  1 7 0  t o  1 6 5  M a  B P .  T h i s  s u g g e s t s  t h a t  
o v e r l a p  o f  o i l  m i g r a t i o n  a n d  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s  o c c u r r e d .  T h i s  i s  
c o n s i s t e n t  w i t h  t h e  p e t r o l o g i c a l  o b s e r v a t i o n s  o f  f l u o r e s c i n g  l i q u i d  h y d r o c a r b o n s  i n  
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Fig 7-27 Timing of generation of C02, CH4 and oil from sedimentary organic matter using a chemical kinetic model in 
the Cobbitty 3, Campbelltown 2, Liverpool 91 and South Colah 1 boreholes. 
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q u a r t z  o v e r g r o w t h s  o f  t h e  s a n d s t o n e s  i n  t h e  S c a r b o r o u g h  a n d  L o w e r  B u l g o  
O p e r a t i o n a l  U n i t s .  
T o  e v a l u a t e  o i l  m i g r a t i o n ,  t h e  v o l u m e  o f  o i l  g e n e r a t e d  i n  t h e  s o u r c e  r o c k s  i s  
r e q u i r e d  t o  b e  c a l c u l a t e d .  T h i s  i s  i l l u s t r a t e d  a s  a  d e p t h  p r o f i l e  f o r  t h e  C a m p b e l l t o w n  
2  b o r e h o l e  ( F i g  7 - 2 8 ) .  T h e  v o l u m e  o f  o i l  g e n e r a t e d  w a s  c o m p u t e d  b y  m u l t i p l y i n g  
t h e  e x t e n t  o f  o i l  g e n e r a t i o n  ( l e f t  h a n d  p r o f i l e s )  b y  t h e  w t . %  o f  o r g a n i c  m a t t e r  a n d  t h e  
p r o p o r t i o n  o f  t y p e  1 1  a n d  I I I  o r g a n i c  m a t t e r  ( m i d d l e  p r o f i l e s )  a n d  c o n v e r t i n g  t h e  u n i t s  
t o  c o n v e n t i o n a l  b a r r e l s / h e c t a r e  - m e t r e ,  i . e .  b b l s / 1  0 4 m
3  
( r i g h t  h a n d  p r o f i l e ) .  
A n  a v e r a g e  t o t a l  o r g a n i c  c o n t e n t  ( T O C )  o f  0 . 5  w t . %  w a s  a s s i g n e d  f o r  t h e  W o m b a r r a  
O p e r a t i o n a l  U n i t ,  w h i c h  i s  d o m i n a t e d  b y  d a r k  g r e y  t o  b l a c k  s h a l e s  i n  t h e  
C a m p b e l l t o w n  2  b o r e  h o l e .  T h e  a v e r a g e  T O C  o f  t h e  u n d e r l y i n g  I l I a w a r r a  C o a l  
M e a s u r e s  w a s  c a l c u l a t e d  b y  t r e a t i n g  t h e  c o a l  m e a s u r e s  a s  a n  e n t i t y .  U s i n g  
t h i c k n e s s  o f  c o a l  ( 3 6  m )  a n d  c o a l  m e a s u r e s  ( 2 1 4  m )  i n  t h e  t y p e  s e c t i o n  ( W i l s o n ,  
1 9 6 9 ) ,  a n  a s h  c o n t e n t  o f  2 0 %  f o r  c o a l s ,  a  s p e c i f i c  g r a v i t y  o f  1 . 2 5  f o r  a s h - f r e e  c o a l  
a n d  a  s p e c i f i c  g r a v i t y  o f  2 . 3 5  f o r  t h e  c l a s t i c  s e d i m e n t s ,  T O C  w a s  c o m p u t e d  t o  b e  1 0  
w t . % .  T h e  t h r e s h o l d  f o r  o i l  m i g r a t i o n  d e p e n d s  u p o n  t h e  p o r o s i t y  a n d  p e r m e a b i l i t y  
p r o p e r t i e s  o f  p a r t i c u l a r  s o u r c e  r o c k s .  T h e  t h r e s h o l d  i s  a b o u t  1 2 0  b b l s l h e c t a r e - m  f o r  
s h a l e s  a n d  m u d s t o n e s ,  w h i c h  w a s  o b t a i n e d  b y  E a d i n g t o n  e t  a l .  ( 1 9 8 9 )  f r o m  a n  
e v a l u a t i o n  o f  o i l  m i g r a t i o n  i n  t h e  G u l f  C o a s t  T e r t i a r y  S e c t i o n  o f  t h e  U S A  ( H i n c h ,  
1 9 8 0 ) .  B u t  i t  n o t  k n o w n  f o r  c o a l s .  I t  i s  e x p e c t e d  t o  b e  h i g h e r  f o r  c o a l s  i f  t h e r e  i s  
a d s o r p t i o n  o f  o i l  o n t o  t h e  c o a l  m a c e r a l  s u r f a c e s  a n d  i n t o  m i c r o p o r o s i t y .  
A s  s h o w n  i n  F i g  7 - 2 8 ,  t h e  g e n e r a t e d  o i l  i n  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t  s h a l e s  i s  
a b o u t  5 0  b b l s / 1  0 4 m
3  
i f  t h e  t o t a l  o r g a n i c  c o n t e n t  ( T O C )  o f  0 . 5  w t . %  i s  a s s i g n e d  f o r  
t h e  s h a l e s .  T h i s  v a l u e  d o e s  n o t  r e a c h  t h e  t h r e s h o l d  ( 1 2 0  b b l s / 1 0
4
m
3
)  o f  o i l  
m i g r a t i o n  f o r  s h a l e s  a n d  m u d s t o n e s .  T o  p r o d u c e  o i l  a t  t h e  e x p u l s i o n  t h r e s h o l d ,  t h e  
T O C  i s  r e q u i r e d  t o  b e  a t  l e a s t  1 . 5  w t . o /
p
•  T h u s ,  t h e  i n f o r m a t i o n  o n  t h e  T O C  a n d  
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•  f l u o r e s c i n g  h y d r o c a r b o n  i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s  
1  t o p  o f  W o m b a r r a  O p e r a t i o n a l  U n i t ;  2  t o p  o f  I I l a w a r r a  C o a l  M e a s u r e s  
F i g  7 - 2 8  D e p t h  p r o f i l e  o f  o i l  g e n e r a t i o n  o f  h y d r o c a r b o n s ,  c a r b o n  d i o x i d e  
a n d  m e t h a n e  f r o m  o r g a n i c  m a t t e r  i n  C a m p b e l l t o w n  2 .  
1  
2 "  
2 8 7  
m a c e r a l  c o m p o s i t i o n  o f  s h a l e s  c o u l d  b e  i m p o r t a n t  i n  p r e d i c t i n g  o i l  g e n e r a t i o n  a n d  
m i g r a t i o n  i n  c l a s t i c  r o c k s  f r o m  t h e o r e t i c a l  c a l c u l a t i o n s .  
T h e  l I I a w a r r a  C o a l  M e a s u r e s  h a v e  p r o d u c e d  s i g n i f i c a n t  a m o u n t s  o f  o i l  ( a b o u t  4 0 0  
b b l s / 1 0
4
m
3
)  b u t  t h e  o i l  h a s  b e e n  c o n v e r t e d  t o  g a s  b e l o w  t h e  l e v e l  o f  t h e  W o m b a r r a  
O p e r a t i o n a l  U n i t  ( F i g  7 - 2 8 ) .  O i l  a c c u m u l a t e d  i n  t h e  W O  u n i t  a n d  o v e r l y i n g  u n i t s  i s  
a b o v e  t h e  o i l  d e a d l i n e  a n d  t h u s  s h o u l d  n o t  b e  t h e r m a l l y  d e g r a d e d  t o  g a s .  A s  
i n d i c a t e d  a b o v e ,  t h e  c a l c u l a t i o n  o f  o i l  g e n e r a t i o n  i n  t h e  c o a l  m e a s u r e s  w a s  c a r r i e d  
o u t  b y  t r e a t i n g  t h e  c o a l  m e a s u r e s  a s  a  s i n g l e  u n i t  a n d  t a k i n g  i t s  a v e r a g e  t o t a l  
o r g a n i c  m a t t e r  ( w t . % ) .  O i l  g e n e r a t e d  i n  i n d i v i d u a l  c o a l  s e a m s  s h o u l d  b e  m u c h  
h i g h e r  t h a n  t h e  a v e r a g e  v a l u e  f o r  t h e  c o a l  m e a s u r e s .  T h e  e x p u l s i o n  t h r e s h o l d  o f  
o i l  m i g r a t i o n  f o r  c o a l s  i s  n o t  k n o w n .  E v e n  i f  i t  i s  t w o  o r  t h r e e  t i m e s  h i g h e r  t h a n  t h e  
t h r e s h o l d  f o r  o r g a n i c  r i c h  s h a l e s ,  h o w e v e r ,  t h e  l i q u i d  h y d r o c a r b o n s  g e n e r a t e d  i n  
t h e  c o a l  m e a s u r e s  s h o u l d  b e  a b l e  t o  r e a c h  t h e  t h r e s h o l d  s o  t h a t  t h e y  m u s t  h a v e  
b e e n  e x p e l l e d  f r o m  t h e  c o a l  m e a s u r e s  a n d  m i g r a t e d  t o  r e s e r v o i r s  r o c k s .  
M e t h a n e  g e n e r a t e d  f r o m  t h e  I l I a w a r r a  C o a l  M e a s u r e s  a f t e r  o i l  m i g r a t i o n  w o u l d  
d i s p l a c e  o i l  i n  r e s e r v o i r s  r o c k s .  T h e  d i s p l a c e m e n t  w a s  p r o b a b l y  a  c o n t r i b u t i n g  
f a c t o r  f o r  t h e  s p a r s e  o i l  s h o w s  r e c o r d e d  i n  t h e  S y d n e y  B a s i n .  T h e  s a n d s t o n e s  
s e l e c t e d  f o r  t h i s  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n  h a v e  h i g h  p o r o s i t y  a n d  p e r m e a b i l i t y  
a n d  t h u s  t h e y  m a y  p r o v i d e  a  m o r e  c o m p l e t e  r e c o r d  o f  o i l  m i g r a t i o n  t h a n  t h e  l o w  
p e r m e a b i l i t y  s a n d s t o n e s  e l s e w h e r e  i n  t h e  b a s i n  d u e  t o  f o c u s s i n g  o f  f l u i d  f l o w .  
E x t r a p o l a t i o n  o f  t h e  d a t a  p r e s e n t e d  h e r e  t o  e v a l u a t e  o i l  m i g r a t i o n ,  a c c u m u l a t i o n  
a n d  d i s p e r s a l  i n  o t h e r  p a r t s  o f  t h e  b a s i n  r e q u i r e s  c a r e f u l  c o n s i d e r a t i o n  f o r  t h e  
e f f e c t s  o f  p e r m e a b i l i t y  d i f f e r e n c e  o n  o i l  m i g r a t i o n .  
7 . 6  I N T E R P R E T A T I O N  O F  S T A B L E  I S O T O P E  D A T A  
7 . 6 . 1  P O R E  W A T E R  E V O L U T I O N  
B a s e d  o n  c o m b i n e d  d a t a  f r o m  s t a b l e  i s o t o p e  a n d  f l u i d  i n c l u s i o n  a n a l y s e s ,  a n d  t h e  
2 8 8  
o b s e r v e d  p e t r o l o g i c  r e l a t i o n s h i p s  o f  t h e  d i a g e n e t i c  m i n e r a l s ,  a n  e v o l u t i o n  o f  p o r e  
w a t e r  c h e m i s t r y  c a n  b e  p r o p o s e d  w i t h  r e s p e c t  t o  t e m p e r a t u r e  a n d  t i m e ,  a s  s h o w n  
i n  F i g  7 - 2 9 .  T e m p e r a t u r e  e s t i m a t e s  w e r e  d e r i v e d  f r o m  t h e  f r a c t i o n a t i o n  o f  o x y g e n  
i s o t o p e s  b e t w e e n  t h e  p o r e  w a t e r  a n d  t h e  p r e c i p i t a t i n g  o x y g e n  - b e a r i n g  d i a g e n e t i c  
m i n e r a l  a n d  t h e  l i
1 8
0  v a l u e s  o f  t h e  m i n e r a l  a c c o r d i n g  t o  t h e  t e m p e r a t u r e  
d e p e n d e n t  e q u a t i o n s ,  w h i c h  a r e  g i v e n  i n  T a b l e  7 - 2 .  T h e  f o r m a t i o n  t e m p e r a t u r e  o f  
q u a r t z  o v e r g r o w t h s  w e r e  o b t a i n e d  f r o m  t h e  h o m o g e n i s a t i o n  t e m p e r a t u r e  o f  
a q u e o u s  f l u i d  i n c l u s i o n s  w i t h i n  t h e  o v e r g r o w t h s .  T h e  r e l a t i v e  t i m i n g  o f  t h e  
d i a g e n e t i c  m i n e r a l s  ( p a r a g e n e t i c  s e q u e n c e ) ,  w h i c h  h a s  a l r e a d y  b e e n  d i s c u s s e d  i n  
d e t a i l  i n  t h e  l a s t  c h a p t e r ,  w a s  e s t a b l i s h e d  b y  p e t r o l o g i c a l  m i c r o s c o p e  o b s e r v a t i o n s  
a n d  S E M l E D X  a n a l y s e s .  
T o  r e c o n s t r u c t  t h e  e v o l u t i o n ,  t h e  o r i g i n a l  l i
1 8
0  a n d  l i D  c o m p o s i t i o n s  o f  d e p o s i t i o n a l  
w a t e r s  a r e  c o n s i d e r e d  f i r s t .  A s  m e n t i o n e d  p r e v i o u s l y ,  t h e  l i
1 8
0  a n d  l i D  
c o m p o s i t i o n s  o f  m e t e o r i c  s u r f a c e  w a t e r s  a r e  s t r o n g l y  c o r r e l a t e d  w i t h  l a t i t u d e ,  
a l t i t u d e  a n d  d i s t a n c e  f r o m  t h e  c o a s t l i n e  a n d  t h e y  r e f l e c t  t h e  m e a n  a n n u a l  a i r  
t e m p e r a t u r e  ( D a n s g a a r d ,  1 9 6 4 ;  Y u r t s e v e r  a n d  G a t ,  1 9 8 1 ) .  B a s e d  o n  t h e  
k n o w l e d g e  o f  t h e  p a s t  p o s i t i o n  o f  t h e  S y d n e y  B a s i n  w i t h  r e s p e c t  t o  t h e  s o u t h  p o l e  
a n d  t h e  c o a s t l i n e ,  a n d  t h e  f l u v i a l  I  l a c u s t r i n e  o r i g i n  o f  t h e  N a r r a b e e n  G r o u p ,  t h e  
l i
1 8
0  a n d  l i D  o f  t h e  i n i t i a l  p o r e  w a t e r s  w i t h i n  t h e  N a r r a b e e n  G r o u p  s e d i m e n t s  c a n  
b e  e s t i m a t e d  a t  t h e  b e g i n n i n g  o f  t h e  d i a g e n e s i s  o f  t h e  N a r r a b e e n  G r o u p  
s a n d s t o n e s .  I t  i s  k n o w n  t h a t  s o u t h e a s t  A u s t r a l i a  l a y  s o u t h  o f  a b o u t  6 5 ° S  f r o m  l a t e s t  
P e r m i a n  t o  l a t e s t  C r e t a c e o u s  ( E m b l e t o n ,  1 9 8 4 ) .  U s i n g  t h e  p r e s e n t  d a y  r a n g e  o f  
m e t e o r i c  w a t e r  c o m p o s i t i o n  a t  t h i s  s o r t  o f  l a t i t u d e  a n d  t h e  r e l a t i o n s h i p  l i D  =  8  l i
1 8
0  
+  1 0  ( C r a i g ,  1 9 6 1 )  f o r  m e t e o r i c  w a t e r s ,  t h e  i n i t i a l  p o r e  w a t e r s  o f  t h e  N a r r a b e e n  
G r o u p  s e d i m e n t s  a r e  e s t i m a t e d  t o  h a v e  h a d  a p p r o x i m a t e  v a l u e s  o f  - 1 5  % 0  f o r  l i
1 8
0  
a n d  - 1 1 0  % 0  f o r  l i D  a t  t h e  b e g i n n i n g  o f  t h e i r  d i a g e n e s i s  ( e a r l y  T r i a s s i c ) .  
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Fig 7-29 Evolution of pore water 318 0 composition with temperature and time, calculated from the measured 3180 
of diagenetic minerals. K = kaolin. I = illite. Q = quartz. pfs = pore filling siderite. pfa = pore filling ankerite. pfc = pore 
filling calcite. Qz Temps = precipitation temperatures of quartz overgrowths from fluid inclusion temperatures. 
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B i r d  a n d  C h i v a s  ( 1 9 8 8 )  c a l c u l a t e d  i s o t o p i c  c o m p o s i t i o n  o f  e a r l y  P e r m i a n  
( S a k m a r i a n  - A r t i n s k i a n )  m e t e o r i c  w a t e r  i n  t h e  a d j a c e n t  G u n n e d a h  B a s i n  f r o m  
m e a s u r e m e n t s  o f  k a o l i n i t e  s a m p l e s  s e l e c t e d  f r o m  b o t h  i n  s i t u  k a o l i n i t i c  w e a t h e r i n g  
p r o f i l e s  a n d  e r o d e d  a n d  r e d e p o s i t e d  p r o d u c t s  o f  t h i s  w e a t h e r i n g .  T h e y  g a v e  a  
c o m p o s i t i o n  o f  0
1 8
0  o f  S ;  - 1 7  % .  a n d  o D  % .  o f  s ;  - 1 2 5  % . .  I n  t h e  e a r l y  P e r m i a n ,  t h e  
G u n n e d a h  - S y d n e y  b a s i n  w a s  p o s i t i o n e d  n e a r e r  t h e  s o u t h  p o l e  t h a n  t h e  S y d n e y  
B a s i n  i n  t h e  e a r l y  T r i a s s i c  s o  t h a t  a  f u r t h e r  
1 8
0  - d e p l e t e d  m e t e o r i c  w a t e r  w o u l d  b e  
e x p e c t e d .  E a d i n g t o n  e t  a l .  ( 1 9 8 9 )  s u g g e s t e d  a  0
1 8
0  c o m p o s i t i o n  o f  - 1 3  % .  f o r  t h e  
E a r l y  J u r a s s i c  d e p o s i t i o n a l  w a t e r s  i n  t h e  E r o m a n g a  B a s i n ,  w h i c h  l a y  f u r t h e r  a w a y  
f r o m  t h e  s o u t h  p o l e  t h a n  t h e  S y d n e y  B a s i n .  T h u s  i t  w o u l d  b e  e x p e c t e d  t h a t  t h e  
d e p o s i t i o n  w a t e r s  h a d  a  m o r e  
1 8
0  - e n r i c h e d  i s o t o p i c  c o m p o s i t i o n  t h a n  i n  t h e  
S y d n e y  B a s i n .  
O f  t h e  k a o l i n  f r a c t i o n s ,  t h e  f i n e s t  s i z e  f r a c t i o n  h a s  t h e  m o s t  - e n r i c h e d  
1 8
0 .  T h e  0
1 8
0  
v a l u e s  a r e  1 2 . 5 8  % .  a n d  1 0 . 6 5  % .  f o r  t h e  1 - 0 . 2  ~m f r a c t i o n  o f  s a m p l e  J 5 1 4 . 8  a n d  
t h e  2 - 1  ~m f r a c t i o n  o f  s a m p l e  L 5 0 6 . 7  r e s p e c t i v e l y  ( T a b l e  7 - 4 ) .  A s  o n e  o f  t h e  e a r l i e s t  
d i a g e n e t i c  p r o d u c t s ,  t h e y  p r o v i d e  t h e  e a r l i e s t  r e c o r d  o f  t h e  p o r e  w a t e r s  i n  t h e  
N a r r a b e e n  G r o u p  s e d i m e n t s .  I f  i t  i s  a s s u m e d  t h a t  t h e y  w e r e  p r e c i p i t a t e d  f r o m  p o r e  
w a t e r s  w i t h  0
1 8
0  o f  - 1 5  % . ,  i t  i s  c a l c u l a t e d  t h a t  t h e  f o r m a t i o n  t e m p e r a t u r e  f o r  t h e  t w o  
k a o l i n s  w o u l d  b e  1 1  ° C  a n d  2 9  ° C  r e s p e c t i v e l y  f r o m  t h e  k a o l i n  f r a c t i o n a t i o n  
e q u a t i o n s  o f  L a n d  a n d  D u t t o n  ( 1 9 7 8 ) .  T h e  t e m p e r a t u r e s  a r e  i n  g o o d  a g r e e m e n t  
w i t h  t h o s e  p r e v a i l i n g  d u r i n g  t h e  e a r l i e s t  s t a g e  o f  s a n d s t o n e  d i a g e n e s i s .  I t  s h o u l d  
b e  n o t e d  t h a t  e a r l y  g r a i n  c o a t i n g  c h l o r i t e s  w e r e  o b s e r v e d  w i t h  p e t r o l o g i c a l  
e x a m i n a t i o n s  i n  s a m p l e  J 5 1 4 . 8 .  S i n c e  k a o l i n  a n d  c h l o r i t e  c a n  n o t  b e  c o g e n e t i c ,  i t  
i s  u n l i k e l y  t h a t  b o t h  w e r e  o f  e a r l y  o r i g i n .  T h u s  s o m e  c o m p o n e n t s  o f  t h e  1 - 0 . 2  ~m 
k a o l i n  f r a c t i o n  o f  t h i s  s a m p l e  a r e  p o s s i b l y  d e t r i t a l  i n  o r i g i n .  
T h e  g r a i n  c o a t i n g  s i d e  r i t e  f o r  s a m p l e  X 5 3 1 . 9  h a s  a  0
1 8
0  v a l u e  o f  1 4 . 5 7  % .  ( T a b l e  7 -
2 9 1  
3 ) .  F r o m  t h i s  v a l u e  a n d  t h e  s i d e r i t e  f r a c t i o n a t i o n  e q u a t i o n  o f  C a r o t h e r s  e t  a l .  
( 1 9 8 8 ) ,  t h e  c a l c u l a t e d  f o r m a t i o n  t e m p e r a t u r e  i s  4 0  o C  i f  c r y s t a l l i s a t i o n  w a s  f r o m  t h e  
s a m e  p o r e  w a t e r s  a s  t h e  e a r l i e s t  k a o l i n s .  
T h e  1 )
1 8
0  v a l u e s  o f  p o r e  f i l l i n g  s i d e  r i t e s  f o r  s a m p l e s  W 3 8 8 . 8  a n d  A 1 4 6 . 5  a r e  1 4 . 7 1  
% 0  a n d  1 0 . 7 9  ( T a b l e  7 - 3 )  % 0  r e s p e c t i v e l y  a n d  f o r m a t i o n  t e m p e r a t u r e s  a r e  c a l c u l a t e d  
t o  b e  3 4  ° C  a n d  5 4  ° C  r e s p e c t i v e l y  i f  t h e  1 )
1 8
0  v a l u e  o f  t h e  p o r e  w a t e r s  w a s  h a r d l y  
m o d i f i e d .  T h e s e  p a r t i c u l a r  p o r e  f i l l i n g  s i d e r i t e s  p r o b a b l y  r e p r e s e n t  p r o l o n g e d  
s i d e  r i t e  c e m e n t a t i o n  a s  a  r e s u l t  o f  l a c k  o f  c o m p e t i n g  c e m e n t a t i o n  f r o m  a n y  o t h e r  
t y p e  o f  c a r b o n a t e s .  U s i n g  t h i s  a p p r o a c h ,  t h e  o t h e r  1 8 Q - d e p l e t e d  p o r e  f i l l i n g  
c a r b o n a t e s  ( p o r e  f i l l i n g  c a l c i t e ,  a n k e r i t e  a n d  s i d e r i t e )  w e r e  c a l c u l a t e d  t o  b e  
p r e c i p i t a t e d  a t  h i g h e r  t e m p e r a t u r e s  o f  k a  7 0  ° C  t o  8 5  ° C  f r o m  t h e  p o r e  w a t e r s  
w h o s e  1 )
1 8
0  v a l u e  i n c r e a s e d  s l i g h t l y  f r o m  t h e  o r i g i n a l  p o r e  w a t e r s  o f  - 1 5  % 0  t o  
a b o u t  - 1 2  % 0  d u r i n g  t h e  c a r b o n a t e  c e m e n t a t i o n  ( F i g  7 - 2 9 ) .  
T h e  l i t t l e  m o d i f i c a t i o n  o f  p o r e  w a t e r s '  1 )
1 8
0  v a l u e  i s  t y p i c a l  o f  d i a g e n e s i s  p r o c e e d i n g  
i n  a  d y n a m i c  f l u i d  f l o w  r e g i m e  i n  w h i c h  m e t e o r i c  w a t e r  w a s  r e p l e n i s h e d  t h r o u g h  
t h e  a q u i f e r  ( p o r o u s  s a n d s t o n e  b o d i e s )  b y  a  t o p o g r a p h i c  h e a d .  T h e  m e t e o r i c  w a t e r  
f l u s h i n g  d i l u t e d  o r  e v e n  e l i m i n a t e d  t h e  e f f e c t  o f  t h e  o x y g e n  i s o t o p e  f r a c t i o n a t i o n  
b e t w e e n  t h e  p o r e  w a t e r s  a n d  t h e  
1 8
0  e n r i c h e d  d e t r i t a l  s i l i c a t e  c l a s t s  o n  t h e  i s o t o p i c  
c o m p o s i t i o n  o f  t h e  b u l k  p o r e  w a t e r s .  A s  a  r e s u l t ,  o x y g e n  i s o t o p e  c o m p o s i t i o n  o f  
p o r e  w a t e r s  w a s  h a r d l y  c h a n g e d .  
A s  m e n t i o n e d  i n  t h e  l a s t  c h a p t e r ,  t h e  r a r e  o c c u r r e n c e  o f  p y r i t e  a n d  c o m m o n  
o c c u r r e n c e  o f  s i d e r i t e  s u g g e s t  t h a t  b a c t e r i a l  s u l p h a t e  r e d u c t i o n  h a d  n o t  b e e n  a  
s i g n i f i c a n t  p r o c e s s  d u r i n g  t h e  b u r i a l  o f  t h e  N a r r a b e e n  G r o u p .  T h u s  i t  c o u l d  n o t  b e  a  
m a j o r  s o u r c e  f o r  c a r b o n  i n  t h e  c a r b o n a t e s .  F e
2
+  a n d  M n 2 +  u s e d  i n  t h e  f o r m a t i o n  o f  
c a r b o n a t e s  a r e  s u g g e s t e d  t o  b e  l a r g e l y  d e r i v e d  f r o m  r e d u c t i o n  o f  F e 3 +  a n d  M n 4 +  
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o x i d e s  i n  t h e  a d j a c e n t  s h a l e s  I  m u d s t o n e s .  T h e  r e d u c t i o n  r e s u l t e d  i n  t h e  o x i d a t i o n  
o f  o r g a n i c  m a t t e r  ( I r w i n ,  1 9 8 0 ;  C u r t i s  e t  a I . ,  1 9 8 6 ) .  I t  p r o d u c e d  H C 0
3
·  a n d  r a i s e d  p H  
s o  f a v o u r i n g  p r e c i p i t a t i o n  o f  c a r b o n a t e .  T h u s  o x i d a t i o n  o f  o r g a n i c  m a t t e r  s h o u l d  b e  
o n e  o f  t h e  s o u r c e s  f o r  t h e  c a r b o n  i n  t h e  p o r e  f i l l i n g  c a r b o n a t e s .  C a r b o n  d e r i v e d  
f r o m  t h i s  s o u r c e  i s  1 3 C  d e p l e t e d  ( I r w i n  e t  a I . ,  1 9 7 7 ;  C u r t i s  e t  a I . ,  1 9 8 6 )  ( p r o b a b l y  
s i m i l a r  t o  8
1 3
C  v a l u e  o f  p a r e n t a l  o r g a n i c  m a t t e r ,  i . e  - 2 5  % 0 ) .  
O x y g e n  i s o t o p e  d a t a  o f  t h e  c a r b o n a t e s  s u g g e s t  t h e y  f o r m e d  a t  a  t e m p e r a t u r e  o f  J ; a  
3 0  t o  8 5  D C  ( F i g  7 - 2 9 ) ,  g e n e r a l l y  i n  t h e  b a c t e r i a l  f e r m e n t a t i o n  z o n e  ( l e s s  t h a n  1 . 5  
k m ) .  I n  t h i s  t e m p e r a t u r e  r a n g e ,  b a c t e r i a l  f e r m e n t a t i o n  i s  l i k e l y  t o  b e  t h e  
p r e d o m i n a n t  H C 0
3
·  p r o v i d i n g  r e a c t i o n .  C a r b o n  d e r i v e d  f r o m  t h i s  s o u r c e  h a s  8
1 3
C  
o f  J ; a  + 1 5  % 0  ( I r w i n  e t  a I . ,  1 9 7 7 ;  C u r t i s  e t  a I . ,  1 9 8 6 ) .  A  c o m b i n a t i o n  o f  t h e  c a r b o n  
d e r i v e d  f r o m  o x i d a t i o n  o f  o r g a n i c  m a t t e r  ( 1 3 C - d e p l e t e d )  a n d  t h e  c a r b o n  d e r i v e d  
f r o m  b a c t e r i a l  f e r m e n t a t i o n  ( 1 3 C - e n r i c h e d )  s o u r c e s  c o u l d  c r e a t e  t h e  m e a s u r e d  
8
1 3
C  v a l u e s  o f  - 4  % 0  t o  - 8  % 0 .  H o w e v e r ,  t h e r e  i s  a n o t h e r  p o s s i b l e  c a r b o n  s o u r c e .  I t  i s  
v e r y  l i k e l y  t h a t  f l u s h i n g  m e t e o r i c  w a t e r s  b e a r i n g  d i s s o l v e d  C O
2  
f r o m  t h e  
a t m o s p h e r e  a l s o  p r o v i d e d  H C 0
3
- f o r  c a r b o n a t e  p r e c i p i t a t i o n .  T h e  c a r b o n a t e  8
1 3
C  
s i g n a l s  o f  - 4  % 0  t o  - 8  % 0  c o u l d  a l l  b e  d e r i v e d  f r o m  t h i s  s o u r c e ,  d e p e n d i n g  o n  C O
2
,  
H C 0
3
- ,  c a r b o n a t e  e q u i l i b r i a ,  p H ,  a n d  t e m p e r a t u r e .  T h e  c o n c l u s i o n  i s  t h a t  t h e  
c a r b o n  i n  t h e  p o r e  f i l l i n g  c a r b o n a t e s  w a s  d e r i v e d  f r o m  o x i d a t i o n  o f  o r g a n i c  m a t t e r ,  
b a c t e r i a l  f e r m e n t a t i o n ,  a n d  a t m o s p h e r e .  
P e t r o l o g i c a l  e x a m i n a t i o n s  i n d i c a t e  t h a t  t h e  a b u n d a n t  p o r e  f i l l i n g  k a o l i n s  w e r e  l a t e r  
t h a n  c a r b o n a t e  c e m e n t a t i o n  b u t  p r e - / s y n - q u a r t z  o v e r g r o w t h s .  T h e  8
1
8 ( )  v a l u e s  o f  
t h e  p o r e  f i l l i n g  k a o l i n s  r a n g e  f r o m  6 . 3 6  % 0  t o  8 . 2 2  % 0 .  T h e  r e l a t i v e  t i m i n g  a n d  t h e  
8
1 8
0  d a t a  s u g g e s t  t h a t  t h e  o x y g e n  i s o t o p e  c o m p o s i t i o n  o f  t h e  p o r e  w a t e r s  m u s t  
h a v e  b e g u n  t o  b e  e n r i c h e d  m o r e  r a p i d l y ,  a s  i l l u s t r a t e d  i n  F i g  7 - 2 9 .  T h e  8
1 8
0  v a l u e  
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o f  t h e  p o r e  w a t e r s  i n c r e a s e d  f r o m  - 1 2  % 0  u p  t o  a s  h i g h  a s  - 6  % 0 .  A c c o m p a n y i n g  t h e  
1 8
0  e n r i c h m e n t  p r o c e s s ,  t h e  b u r i a l  t e m p e r a t u r e  i n c r e a s e d  f r o m  8 0 - 8 5  o C  t o  a s  h i g h  
a s  1 1 0 - 1 3 5  o C ,  w h i c h  w e r e  t h e  f o r m a t i o n  t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  
o b t a i n e d  f r o m  t h e  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n .  T h i s  i s  t y p i c a l  o f  d i a g e n e s i s  u n d e r  
c o n d i t i o n s  o f  a  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e .  W i t h  t h e  l o w  r a t i o  o f  p o r e  w a t e r s  t o  
s e d i m e n t s ,  w h i c h  i s  c o n s i d e r e d  t o  h a v e  b e e n  a c h i e v e d  a t  t h i s  s t a g e  o f  b u r i a l ,  t h e  
e x c h a n g e  o f  p o r e  w a t e r s  w i t h  
1 8
0  e n r i c h e d  f r a m e w o r k  s i l i c a t e s  w o u l d  r e s u l t  i n  t h e  
i n c r e a s e  o f  t h e  1 )
1 8
0  v a l u e  o f  t h e  p o r e  w a t e r s .  
T h e  f o r m a t i o n  t e m p e r a t u r e  o f  q u a r t z  o v e r g r o w t h s  l i e  b e t w e e n  1 1 0  ° C  a n d  1 3 5  o C ,  
w h i c h  w a s  o b t a i n e d  f r o m  t h e  f l u i d  i n c l u s i o n  i n v e s t i g a t i o n .  U s i n g  t h e  t e m p e r a t u r e  
d a t a  a n d  t h e  e s t i m a t e  o f  q u a r t z  o v e r g r o w t h s  1 )
1 8
0  v a l u e s  o f  1 3  % 0  t o  1 4  % . ,  t h e  1 )
1 8
0  
v a l u e s  o f  p o r e  w a t e r s  d u r i n g  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s  w e r e  c a l c u l a t e d  t o  
b e  b e t w e e n  - 7  % 0  a n d  - 3 . 5  % 0  f r o m  t h e  q u a r t z  f r a c t i o n a t i o n  e q u a t i o n  o f  F r i e d m a n  
a n d  O ' N e i l  ( 1 9 7 7 ) .  T h e y  o v e r l a p  w i t h  t h e  1 )
1 8
0  v a l u e s  o f  p o r e  w a t e r s  d u r i n g  
p r e c i p i t a t i o n  o f  p o r e  f i l l i n g  k a o l i n s  ( s e c o n d  g e n e r a t i o n ) .  T h i s  i m p l i e s  t h a t  q u a r t z  
o v e r g r o w t h s  a n d  p o r e  f i l l i n g  k a o l i n s  w e r e  c o p r e c i p i t a t e d  f r o m  t h e  p o r e  w a t e r s .  T h i s  
i s  s u b s t a n t i a t e d  b y  t h e  i n t e r - g r o w t h  o f  q u a r t z  o v e r g r o w t h s  a n d  k a o l i n s  o b s e r v e d  
u n d e r  t h e  S E M .  
T h e  p o r e  w a t e r  c o m p o s i t i o n s  a f t e r  q u a r t z  o v e r g r o w t h s  c a n  b e  r e c o n s t r u c t e d  f r o m  
t h e  o x y g e n  i s o t o p e  d a t a  f o r  t h e  p o s t  q u a r t z  o v e r g r o w t h  i l l i t e .  I f  i t  i s  a s s u m e d  t h a t  t h e  
i l l i t e s  c r y s t a l l i s e d  a t  t h e  m u c h  s a m e  t e m p e r a t u r e s  a s  q u a r t z  o v e r g r o w t h s ,  t h e  
c a l c u l a t e d  1 )
1 8
0  v a l u e s  o f  t h e  p o r e  w a t e r s  w o u l d  b e  i n  t h e  r a n g e  o f  - 6  % .  t o  - 3  % .  
f r o m  t h e  i l l i t e  f r a c t i o n a t i o n  e q u a t i o n  o f  L e e  ( 1 9 8 4 ,  c i t e d  i n  L e e  e t  a I . ,  1 9 8 9 ) .  T h u s  
t h e  1 )
1 8
0  v a l u e  o f  t h e  p o r e  w a t e r s  c o n t i n u e d  t o  i n c r e a s e ,  a s  s h o w n  i n  F i g  7 - 2 9 .  
A s  d i s c u s s e d  a b o v e ,  o x y g e n  i s o t o p e  d a t a  s u g g e s t  t h a t  t h e  p o r e  f i l l i n g  k a o l i n s  
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c r y s t a l l i s e d  a t  t e m p e r a t u r e s  o f  b e t w e e n  8 0  Q C  a n d  1 3 5  Q C  a n d  i I I i t e s  f o r m e d  a t  
a p p r o x i m a t e  t e m p e r a t u r e s  o f  b e t w e e n  1 1 0  Q C  a n d  1 3 5  Q C  o r  h i g h e r .  U s i n g  t h e s e  
t e m p e r a t u r e  d a t a  a n d  t h e  m e a s u r e d  S O  v a l u e s  o f  k a o l i n s  a n d  i I I i t e s ,  t h e  S O  v a l u e s  
o f  p o r e  w a t e r s  d u r i n g  p r e c i p i t a t i o n  o f  k a o l i n s  ( s e c o n d  g e n e r a t i o n )  a n d  i I I i t e s  w e r e  
c a l c u l a t e d  t o  b e  - 1 0 0  % 0  t o  - 1 2 0  % 0  a c c o r d i n g  t o  h y d r o g e n  f r a c t i o n a t i o n  e q u a t i o n s  
o f  k a o l i n  a n d  i I l i t e  g i v e n  b y  L a m b e r t  a n d  E p s t e i n  ( 1 9 8 0 )  a n d  Y e h  ( 1 9 8 0 )  ( T a b l e  7 -
2 ) .  T h e y  a r e  v e r y  s i m i l a r  t o  t h e  e s t i m a t e d  S O  v a l u e  o f  - 1 1 0  % .  o f  o r i g i n a l  
d e p o s i t i o n a l  p o r e  w a t e r s .  T h i s  i m p l i e s  t h a t  t h e  S O  v a l u e  o f  t h e  p o r e  w a t e r s  w a s  
v i r t u a l l y  u n m o d i f i e d  t h r o u g h o u t  t h e  d i a g e n e t i c  h i s t o r y  f r o m  t h e  e a r l i e s t  k a o l i n s  t o  
t h e  p o s t  q u a r t z  o v e r g r o w t h  i I I i t e s .  T h e  l i t t l e  S O  m o d i f i c a t i o n  o f  t h e  p o r e  w a t e r s  c a n  
b e  e x p l a i n e d  b y  t h e  f a c t  t h a t  t h e  h y d r o g e n  c o n t e n t  o f  p o r e  w a t e r s  w a s  s o  h i g h  
r e l a t i v e  t o  t h a t  o f  t h e  s e d i m e n t s  w i t h  w h i c h  t h e  p o r e  w a t e r s  r e a c t e d  t h a t  i s o t o p e  
f r a c t i o n a t i o n  a c c o m p a n y i n g  p r e c i p i t a t i o n  o f  s m a l l  a m o u n t s  o f  h y d r o g e n  - b e a r i n g  
k a o l i n s  a n d  i I I i t e s  m u s t  h a v e  h a d  l i t t l e  e f f e c t  o n  t h e  b u l k  S O  c o m p o s i t i o n  o f  t h e  p o r e  
w a t e r s .  
7 . 6 . 2  P O T A S S I U M  - A R G O N  I L U T E  A G E S  
K - A r  a g e  d a t i n g  h a s  b e e n  u s e d  i n  p r e v i o u s  s t u d i e s  t o  d e t e r m i n e  t h e  a g e  o f  
d i a g e n e t i c  i I I i t e s  i n  s a n d s t o n e s  ( L e e  e t  a I . ,  1 9 8 5 ,  1 9 8 9 ;  H a m i l t o n  e t  a I . ,  1 9 8 7 ;  
L i e w i g  e t  a I . ,  1 9 8 7 ;  G i r a r d  e t  a I . ,  1 9 8 9 ) .  H a m i l t o n  e t  a t .  ( 1 9 8 9 )  d i s c u s s e d  t h e  
p r i n c i p l e s  o f  i n t e r p r e t i n g  K - A r  a g e  d a t a .  I I l i t e  i s  o n e  o f  o n l y  a  f e w  d i a g e n e t i c  
m i n e r a l s  i n  s a n d s t o n e s  w h i c h  c o n t a i n  s u f f i c i e n t  l o n g  - l i v e d  r a d i o i s o t o p e  ( 4 0 K )  t o  
a l l o w  r a d i o m e t r i c  a g e  d e t e r m i n a t i o n  o f  t h e i r  f o r m a t i o n  t i m e .  K - A r  d a t i n g  o f  i I I i t e  c a n  
p r o v i d e  i n f o r m a t i o n  o n  t h e  d u r a t i o n  o f  i I I i t e  f o r m a t i o n ,  t h e  a g e  o f  f l u i d  f l o w  e v e n t s  i n  
s e d i m e n t a r y  b a s i n s  a n d  t h e  t i m i n g  a n d  t h e  n a t u r e  o f  h y d r o c a r b o n  a c c u m u l a t i o n s  i n  
s a n d s t o n e  r e s e r v o i r s .  
T h e  n a t u r e  o f  a u t h i g e n i c ,  f i b r o u s  i I I i t e  g r o w t h  d e t e r m i n e s  t h a t  f i l a m e n t s  a r e  o f t e n  
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c o a r s e r  a t  t h e  p O i n t  o f  g r o w t h  o r i g i n  t h a n  a t  e n d s  o f  f i b r e s .  T h u s  c o a r s e r  i l l i t e  
s e p a r a t e s  t e n d  t o  h a v e  a  g r e a t e r  p r o p o r t i o n  o f  e a r l i e r - f o r m e d  i I I i t e  t h a n  f i n e r  i l l i t e  
s e p a r a t e s .  T h e  f i n e s t - s i z e d  i l l i t e  s h o u l d  b e  d e r i v e d  f r o m  t h e  l a t e s t - f o r m e d  i I I i t e .  
T h u s  i t s  a g e  s h o u l d  p r o v i d e  a  r e c o r d  o f  t h e  t i m i n g  o f  t h e  c e s s a t i o n  o f  i l l i t e  
f o r m a t i o n .  T h e  K - A r  a g e  d a t a  i n d i c a t e  t h a t  t h e  t w o  s i z e  s e p a r a t e s  f o r  s a m p l e  
X 5 3 1 . 9  d o  i n  f a c t  h a v e  a n  a g e  d i f f e r e n c e  o f  a p p r o x i m a t e  5  M a  b e t w e e n  t h e  
c o a r s e r ,  o l d e r  i l l i t e  a n d  t h e  f i n e r ,  y o u n g e r  i l l i t e .  T h i s  i m p l i e s  t h a t  t h e  m i n i m u m  
d u r a t i o n  o f  i l l i t i s a t i o n  i s  a b o u t  5  M a .  C e s s a t i o n  o f  i l l i t e  f o r m a t i o n  m a y  b e  a f f e c t e d  i n  
a  v a r i e t y  o f  d i f f e r e n t  w a y s .  T h e s e  i n c l u d e  d i s p l a c e m e n t  o f  a q u e o u s  p o r e  f l u i d s  b y  
m i g r a t i n g  h y d r o c a r b o n s  a n d  o t h e r  c h a n g e s  i n  c h e m i c a l  a n d  I  o r  p h y s i c a l  
e n v i r o n m e n t  s u c h  a s  d i m i n i s h e d  s u p p l y  o f  n u t r i e n t  e l e m e n t s  ( e . g .  p o t a s s i u m )  o r  
t e m p e r a t u r e  d e c r e a s e .  
K - A r  a g e s  f o r  t h e  f i n e s t  i I I i t e  s e p a r a t e  c o n s t r a i n  t h e  e a r l i e s t  t i m e  a t  w h i c h  i I I i t e  
f o r m a t i o n  c e a s e d .  T h e  p r e s e n t  d a y  l a c k  o f  a c c u m u l a t e d  h y d r o c a r b o n s  i n  t h e  
a n a l y s e d  s a n d s t o n e s  l i m i t  t h e  i n t e r p r e t a t i o n  o f  t h e  i l l i t e  a g e  d a t a  i n  t h e  c o n t e x t  o f  
t h e  t i m i n g  o f  h y d r o c a r b o n  m i g r a t i o n .  H o w e v e r ,  t h e  a g e  d e c r e a s e  f r o m  1 4 6  M a  i n  
t h e  w e s t  t o  9 0 . 5  M a  i n  t h e  e a s t  s u g g e s t s  t h a t  i l l i t i s a t i o n  p r o c e e d e d  f o r  l o n g e r  a n d  
b y  r e f e r r i n g  t o  t h e  o b t a i n e d  b u r i a l  h i s t o r y  a n d  t h e r m a l  h i s t o r y  m o d e l s  f r o m  t h e  f l u i d  
i n c l u s i o n  i n v e s t i g a t i o n ,  t o  h i g h e r  b u r i a l  t e m p e r a t u r e s  i n  t h e  e a s t e r n  p a r t  o f  t h e  
s t u d y  a r e a .  T h e  y o u n g e s t  i I I i t e  a g e  ( 9 0 . 5  M a )  i s  c o i n c i d e n t  w i t h  t h e  t i m e  a t  w h i c h  
t h e  p r o p o s e d  h e a t  f l o w  r e a c h e d  t o  i t s  p e a k  o f  - 2 . 1  H F U .  
z . z  S U M M A R Y  
F l u i d  i n c l u s i o n  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  t h e  m e a n  h o m o g e n i s a t i o n  t e m p e r a t u r e s  
o f  a q u e o u s  f l u i d  i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s  a r e  4 5  Q C  t o  6 0  Q C  h i g h e r  t h a n  
t h e  c u r r e n t  f o r m a t i o n  t e m p e r a t u r e s  a t  t h e  s a m p l e  d e p t h s  o f  5 0 0 - 6 0 0  m .  T h e  h i g h  
f l u i d  i n c l u s i o n  t e m p e r a t u r e ,  t o g e t h e r  w i t h  v i t r i n i t e  r e f l e c t a n c e  d a t a ,  i m p l y  t h a t  a  
s e c t i o n  w i t h  a  t h i c k n e s s  o f  Q a  1 6 0 0  t o  2 2 0 0  m  w a s  e r o d e d  a w a y .  T h e  p r o p o s e d  
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h e a t  f l o w  v a r i e d  w i t h  t i m e  a n d  r e a c h e d  a  p e a k  o f  2 . 1  H F U  r e l a t i v e  t o  t h e  c u r r e n t  
v a l u e s  o f  1 . 7 - 1 . 9  H F U  a t  a p p r o x i m a t e l y  9 0  M a  B P .  
C h e m i c a l  k i n e t i c  m o d e l l i n g  s u g g e s t s  t h a t  s i g n i f i c a n t  v o l u m e s  o f  o i l  ( a n  a v e r a g e  o f  
a b o u t  4 0 0  b b l s / 1 0
4
m
3
)  w e r e  g e n e r a t e d  i n ,  a n d  e x p e l l e d  f r o m ,  t h e  l I I a w a r r a  C o a l  
M e a s u r e s .  O i l  m i g r a t e d  t h r o u g h  t h e  s a n d s t o n e s  o f  t h e  S c a r b o r o u g h  a n d  L o w e r  
B u l g o  O p e r a t i o n a l  U n i t s  d u r i n g  a n d  p r o b a b l y  a f t e r  p r e c i p i t a t i o n  o f  q u a r t z  
o v e r g r o w t h s ,  a s  d e m o n s t r a t e d  b y  t h e  p r e s e n c e  o f  f l u o r e s c i n g  l i q u i d  h y d r o c a r b o n  
i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s  a n d  f r a c t u r e s .  O i l  m i g r a t i o n  p r o b a b l y  o c c u r r e d  a t  
a  t i m e  o f  1 9 0  M a  t o  1 7 0  M a  y e a r s  a g o  ( E a r l y  a n d  M i d d l e  J u r a s s i c ) .  T h e r e  m a y  
h a v e  b e e n  o i l  c o l u m n s  a t  t h a t  t i m e .  
T h e  d a t a  f r o m  s t a b l e  i s o t o p e  a n a l y s e s  s u g g e s t  t h a t  t h e  d i a g e n e s i s  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  p r o c e e d e d  i n  t w o  d i f f e r e n t  f l u i d  f l o w  r e g i m e s  - e a r l y  
d y n a m i c  f l u i d  f l o w  r e g i m e  a n d  l a t e  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e .  T h e  f o r m e r  w a s  
c h a r a c t e r i s e d  b y  a  s l i g h t  i n c r e a s e  o f  t h e  1 )
1 8
0  o f  p o r e  w a t e r s  f r o m  t h e  e s t i m a t e d  
i n i t i a l  v a l u e  o f  - 1 5  % 0 ,  t y p i c a l  o f  T r i a s s i c  m e t e o r i c  w a t e r s ,  t o  - 1 2  % 0  w i t h  t h e  
t e m p e r a t u r e  i n c r e a s i n g  f r o m  - 1 0  a  t o  8 0 - 8 5  a c .  I n  t h e  e a r l y  d y n a m i c  f l u i d  f l o w  
r e g i m e ,  e a r l y  c l a y  a n d  p o r e  f i l l i n g  c a r b o n a t e s  w e r e  p r e c i p i t a t e d  f r o m  t h e  p o r e  
w a t e r s .  T h e  l a t e  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e  w a s  c h a r a c t e r i s e d  b y  r a p i d  
1 8
0 _  
e n r i c h m e n t  o f  p o r e  w a t e r  1 )
1 8
0 .  T h e  1 )
1 8
0  o f  p o r e  w a t e r s  i n c r e a s e d  g r e a t l y  f r o m  - 1 2  
% 0  t o  - 3  % 0  w i t h  t h e  t e m p e r a t u r e  i n c r e a s i n g  f r o m  8 5  a c  t o  1 1 0 - 1 3 5  a c .  I n  t h e  l a t e  
d i a g e n e t i c  r e g i m e ,  k a o l i n  ( g e n e r a t i o n  1 1 ) ,  q u a r t z  a n d  i l l i t e  c r y s t a l l i s e d .  
C H A P T E R  E I G H T  
P O T E N T I A L  O F  T H E  N A R R A B E E N  G R O U P  S A N D S T O N E S  
A S  R E S E R V O I R  R O C K S  
8 . 1  I N T R O P U C T I O N  
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P o r o s i t y  a n d  p e r m e a b i l i t y  w e r e  m e a s u r e d  i n  t h e  l a b o r a t o r y  f o r  s e l e c t e d  N a r r a b e e n  
G r o u p  s a n d s t o n e s .  I n  t h i s  c h a p t e r ,  t h e  a u t h o r  w i l l  e m p h a s i s  f a c t o r s  c o n t r o l l i n g  
p o r o s i t y  a n d  p e r m e a b i l i t y ,  b r i e f l y  d e s c r i b e  t h e  d i s t r i b u t i o n  o f  p o r o s i t y  a n d  
p e r m e a b i l i t y  t h r o u g h o u t  t h e  g r o u p  a n d  d i s c u s s  t h e  p o t e n t i a l  o f  s a n d s t o n e s  a s  
r e s e r v o i r  r o c k s .  
P o r o s i t y  i s  t h e  r a t i o  o f  p o r e  s p a c e  t o  t h e  t o t a l  r o c k  v o l u m e  a n d  i t  i s  u s u a l l y  
e x p r e s s e d  a s  a  p e r c e n t a g e .  I t  i n c l u d e s  t w o  t y p e s :  e f f e c t i v e  a n d  a b s o l u t e  p o r o s i t y .  
T h e  f o r m e r  i s  t h e  p e r c e n t a g e  o f  i n t e r c o n n e c t e d  p o r e  s p a c e  i n  t h e  t o t a l  r o c k  v o l u m e .  
T h e  l a t t e r  i s  t h e  p e r c e n t a g e  o f  t o t a l  p o r e  s p a c e  i n  t h e  t o t a l  r o c k  v o l u m e .  T h e  
p o r o s i t y  c a n  b e  p r i m a r y ,  s e c o n d a r y  o r  a  c o m b i n a t i o n  o f  t h e  t w o .  P r i m a r y  p o r o s i t y  i s  
t h a t  w h i c h  t h e  r o c k  p o s s e s s e s  a t  t h e  e n d  o f  i t s  d e p o s i t i o n a l  p h a s e .  S e c o n d a r y  
p o r o s i t y  i s  a d d i t i o n a l  v o i d  s p a c e  d u e  t o  p o s t  d e p o s i t i o n a l  p r o c e s s e s .  
P e r m e a b i l i t y  i s  t h e  p r o p e r t y  o f  a  m e d i u m  o f  a l l o w i n g  f l u i d s  t o  p a s s  t h r o u g h  i t  
w i t h o u t  c h a n g e  i n  t h e  s t r u c t u r e  o f  t h e  m e d i u m  o r  d i s p l a c e m e n t  o f  i t s  p a r t s .  
P e r m e a b i l i t y  d e t e r m i n e d  f o r  a  h o m o g e n e o u s  f l u i d  i s  c a l l e d  a b s o l u t e  p e r m e a b i l i t y  
( K ) .  I t  i s  i n d e p e n d e n t  o f  t h e  n a t u r e  o f  t h e  f l u i d .  W h e n  t w o  o r  m o r e  i m m i s c i b l e  f l u i d s  
( e . g .  g a s ,  o i l  a n d  w a t e r )  a r e  p r e s e n t  i n  t h e  f o r m a t i o n ,  t h e r e  i s  a n  e f f e c t i v e  
p e r m e a b i l i t y  f o r  e a c h  f l u i d  i n  t h e  p r e s e n c e  o f  t h e  o t h e r s  ( K g ,  K o ,  a n d  K w ) .  T h e  
e f f e c t i v e  p e r m e a b i l i t i e s  d e p e n d  n o t  o n l y  u p o n  t h e  r o c k  i t s e l f ,  b u t  a l s o  u p o n  t h e  
r e l a t i v e  a m o u n t s  o f  t h e  d i f f e r e n t  f l u i d s  p r e s e n t  i n  t h e  p o r e s .  S i n c e  t h e  m u t u a l  
i n t e r f e r e n c e s  a r e  r e t a r d a t i v e  a n d  n o t  e n h a n c i n g ,  t h e  s u m  o f  K g ,  K o  a n d  K w  i s  l e s s  
t h a n  K a b s o l u t e .  T h e  r e l a t i v e  p e r m e a b i l i t i e s  a r e  t h e  r a t i o s  o f  t h e  e f f e c t i v e  
p e r m e a b i l i t i e s  t o  t h e  a b s o l u t e  p e r m e a b i l i t y .  T h u s ,  f o r  a  g a s  - o i l  - w a t e r  s y s t e m ,  t h e  
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r e l a t i v e  p e r m e a b i l i t y  f o r  g a s  i s  e q u a l  t o  K g  /  K ,  t h a t  f o r  o i l  i s  e q u a l  t o  K o  /  K  a n d  t h a t  
f o r  w a t e r  i s  e q u a l  t o  K w  /  K .  
T h e  q u a l i t y  o f  r e s e r v o i r  r o c k s  i s  u s u a l l y  e v a l u a t e d  b y  t h e i r  p o r o s i t y  a n d  
p e r m e a b i l i t y .  I n  t e r m s  o f  t h e  a b s o l u t e  v a l u e s  o f  p o r o s i t y  a n d  p e r m e a b i l i t y ,  r e s e r v o i r  
r o c k s  c a n  b e  c l a s s i f i e d  i n t o  s e v e r a l  d i f f e r e n t  g r a d e s .  T h e  c r i t e r i a  u s e d  f o r  t h e  
c l a s s i f i c a t i o n  f o l l o w  t h o s e  p r o p o s e d  b y  N o r t h  ( 1 9 8 5 ) .  T h e y  a r e  s h o w n  i n  t h e  
f o l l o w i n g  t a b l e  ( T a b l e  8 - 1 ) .  
T a b l e  8 - 1  G r a d e s  o f  r e s e r v o i r  r o c k s  
P o r o s i t y  Q u a l i t a t i v e  P e r m e a b i l i t y  Q u a l i t a t i v e  
( 0 / 0 )  e v a l u a t i o n  ( m d )  e v a l u a t i o n  
0 - 5  n e g l i g i b l e  
<  1 . 0  - 1 5  
p o o r  t o  f a i r  
5  - 1 0  p o o r  
1 5  - 5 0  
m o d e r a t e  
1 0  - 1 5  
f a i r  
5 0  - 2 5 0  g o o d  
1 5  - 2 0  
g o o d  2 5 0  - 1 0 0 0  v e r y  g o o d  
2 0  +  
v e r y  g o o d  
>  1 0 0 0  
e x c e l l e n t  
( a f t e r  N o r t h  1 9 8 6 ,  p . 1 1 5  &  p . 1 2 4 )  
8 , 2  M E T H O D O L O G Y  
O f  t h e  4 1 7  s a n d s t o n e  s a m p l e s  t a k e n  f r o m  t h e  2 6  f u l l y  c o r e d  b o r e h o l e s ,  1 7 5  
s a m p l e s  f r o m  2 1  b o r e h o l e s  w e r e  s e l e c t e d  f o r  p o r o s i t y  a n d  p e r m e a b i l i t y  
m e a s u r e m e n t s  w i t h  m o s t  o f  t h e m  f r o m  t h e  b o r e h o l e s  i n  t h e  w e s t  m a r g i n  a n d  t h e  
s o u t h e r n  r e g i o n  o f  t h e  b a s i n  ( A p p e n d i x  I ) .  T h e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  i n  
T h e  P e t r o p h y s i c s  L a b o r a t o r y ,  T h e  D e p a r t m e n t  o f  G e o l o g y  a n d  G e o p h y s i c s ,  T h e  
U n i v e r s i t y  o f  S y d n e y .  S a n d s t o n e  s a m p l e s  w e r e  f i r s t  d r i l l e d  p a r a l l e l  t o  b e d d i n g  w i t h  
a  T r i e f u s  d i a m o n d  b i t  t o  o b t a i n  c y l i n d r i c a l  p l u g s  a n d  t h e n  p l u g s  w e r e  c u t  a t  b o t h  
e n d s .  T h e  p l u g s  a r e  2 5  m m  i n  d i a m e t e r  a n d  1 5  t o  4 0  m m  i n  l e n g t h .  
S a m p l e  p l u g s  w e r e  o v e n  d r i e d  a t  a  t e m p e r a t u r e  o f  l e s s  t h a n  6 0  ° C  o v e r  a t  l e a s t  
o n e  d a y  a n d  w e i g h e d  t o  o b t a i n  t h e  p o r e  w a t e r  f r e e  m a s s  - d r y  w e i g h t .  U n l e s s  t h e y  
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w e r e  p u t  i n  e q u i p m e n t  f o r  m e a s u r e m e n t .  t h e  d r y  p l u g s  w e r e  k e p t  i n  d e s i c c a t o r s .  
I n t r i n s i c  p e r m e a b i l i t y  a n d  g r a i n  v o l u m e  o f  a  s a m p l e  p l u g  w e r e  m e a s u r e d  i n  a n  a i r  
p e r m e a m e t e r  a n d  a  h e l i u m  p o r o s i m e t e r .  w h i c h  w e r e  s u p p l i e d  b y  C o r e  S e r v i c e s  
A u s t r a l i a  I n c .  S a m p l e  p l u g s  w e r e  e v a c u a t e d  i n  v a c u u m  f o r  a t  l e a s t  2 4  h o u r s  a n d  
s a t u r a t e d  w i t h  S y d n e y  t a p  w a t e r  u n d e r  v a c u u m  a n d  s o a k i n g  f o r  s e v e r a l  d a y s .  T h e  
w e t  s a m p l e  p l u g s  w e r e  w e i g h e d  t o  o b t a i n  w e t  w e i g h t  a n d  a l s o  w e i g h e d  b y  b e i n g  
c o m p l e t e l y  s u b m e r g e d  i n  w a t e r  t o  o b t a i n  t h e  c o r e  v o l u m e  a c c o r d i n g  t o  
A r c h i m e d e s '  p r i n c i p l e .  
c o r e  v o l u m e  =  w e t  w e i g h t  - s u b m e r g e d  w e i g h t  
T o  m e a s u r e  p e r m e a b i l i t y  t h e  p l u g  w a s  c l a m p e d  i n  a  r u b b e r  s l e e v e  b y  a  
c i r c u m f e r e n t i a l  a i r  p r e s s u r e  o f  1 0 0  p s i  ( 6 9 0  k P a ) .  A i r  w a s  f o r c e d  t o  p a s s  t h r o u g h  t h e  
p l u g  w i t h  a  p r e s s u r e  o f  5 - 2 0  p s i  ( 3 4 . 5 - 1 3 8  k P a )  d e p e n d i n g  o n  t h e  p e r m e a b i l i t y  o f  
t h e  s a m p l e .  T h e  t i m e  t a k e n  f o r  1 0  c m
3  
a i r  t o  p a s s  t h r o u g h  t h e  p l u g  w a s  r e c o r d e d  b y  
t i m i n g  a  m a r k e d  b u b b l e  i n  a  1 0  c m
3  
c o l u m n  c o n n e c t e d  t o  t h e  p l u g  h o l d e r .  
P e r m e a b i l i t y  w a s  c a l c u l a t e d  f r o m  t h e  D a r c y  e q u a t i o n :  
K a i r  =  ( 3 6 . 6  X  P b  x  Q A  X  L ) / [ ( P i  - P b )  x  A ]  
P b  =  a t m o s p h e r i c  p r e s s u r e  i n  a t m o s p h e r e s  r e a d  f r o m  a  b a r o m e t e r  i n  t h e  l a b o r a t o r y .  
P i  =  [ P b ( i n c h e s )  +  2 . 0 4 5 2 9  P l ( p s i ) ] / 2 9 . 9 2  i n  a t m o s p h e r e s  i n  w h i c h  
P 1  =  p r e s e t  u p s t r e a m  p r e s s u r e  ( 5 - 2 0  p s i )  
O A  =  a i r  f l o w  r a t e  i n  c m
3
/ s e c .  L  =  l e n g t h  o f  s a m p l e  i n  c m .  
A  =  c r o s s  s e c t i o n a l  a r e a  o f  s a m p l e  i n  c m
2
.  
T o  m e a s u r e  p o r o s i t y  t h e  p l u g  w a s  p u t  i n t o  a  s t a i n l e s s  s t e e l  c h a m b e r  a n d  a  k n o w n  
v o l u m e  o f  h e l i u m  ( V 1 )  w a s  i n j e c t e d  t o  t h e  c h a m b e r  b y  t h e  p o r o s i m e t e r  a t  a  p r e s s u r e  
o f  1 0 0  p s i  ( P l ) .  T h e n  t h e  s w i t c h  w a s  t u r n e d  t o  t h e  s a m p l e  s i d e  s o  t h a t  h e l i u m  c o u l d  
3 0 0  
e n t e r  p o r e  s p a c e s  i n  t h e  s a m p l e .  T h e  p r e s s u r e  w o u l d  d e c r e a s e  g r a d u a l l y  a n d  
s t a b i l i s e  a t  a  c e r t a i n  v a l u e  ( P 2 ) .  A c c o r d i n g  t o  B o y l e ' s  L a w ,  t h e  v o l u m e  o f  h e l i u m  i n  
t h e  s a m p l e  c h a m b e r  ( V 2 )  c o u l d  b e  c a l c u l a t e d :  V 2  = (  P 1 V 1 ) / P 2 .  G r a i n  v o l u m e  ( V g )  o f  
t h e  s a m p l e  c o u l d  b e  k n o w n :  V g  =  v o l u m e  o f  t h e  s a m p l e  c h a m b e r  ( V c )  m e a s u r e d  -
V 2 .  F i n a l l y  h e l i u m  p o r o s i t y  o f  t h e  s a m p l e  ( 0 )  c o u l d  b e  c a l c u l a t e d :  
0 h  =  ( s a m p l e  v o l u m e  - g r a i n  v o l u m e )  1  s a m p l e  v o l u m e  
T h e  c a l c u l a t e d  p o r o s i t y  v a l u e s  a r e  c o n s i d e r e d  t o  b e  a c c u r a t e  t o  + 1 - 1  % .  
T h e  p o r o s i t y  o f  a  s a m p l e  c o u l d  a l s o  b e  c a l c u l a t e d  u s i n g  t h e  w e t  t e c h n i q u e s ,  w h i c h  
w e r e  d e s i g n e d  i n  t h e  P e t r o p h y s i c s  L a b o r a t o r y .  T h e  f o r m u l a  f o r  t h i s  c a l c u l a t i o n  i s  
0 w  =  ( w e t  w e i g h t  - d r y  w e i g h t )  1  v o l u m e  o f  c o r e .  
0 w  w a s  u s e d  a s  a  c h e c k  t o  0 h  o b t a i n e d  f r o m  t h e  h e l i u m  t e c h n i q u e .  T h e y  a r e  
g e n e r a l l y  i n  g o o d  a g r e e m e n t .  
I t  s h o u l d  b e  n o t e d  t h a t  p o r o s i t i e s  a n d  p e r m e a b i l i t e s  w e r e  d e t e r m i n e d  a t  r o o m  
t e m p e r a t u r e  a n d  p r e s s u r e .  T h e  p o r o s i t i e s  a r e  h e l i u m  i n j e c t i o n  v a l u e s  ( e f f e c t i v e  
p o r o s i t i e s ) .  T h e  p e r m e a b i l i t i e s  a r e  h o r i z o n t a l  p e r m e a b i l i t i e s  a n d  t h e y  a r e  i n t r i n s i c  
v a l u e s  ( a b s o l u t e  p e r m e a b i l i t i e s )  t o  w h i c h  n o  K l i n b e n v e r g  c o r r e c t i o n s  h a v e  b e e n  
a p p l i e d .  T h e  r e s u l t s  o f  p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s  a r e  p r e s e n t e d  i n  
T a b l e  8 - 2 ,  t o g e t h e r  w i t h  t h e  p o s i t i o n  o f  s a m p l e s  i n  t h e  s t r a t i g r a p h i c  c o l u m n  a n d  
a v e r a g e  g r a i n  s i z e .  F o r  1 5  o f  t h e  1 7 5  s a n d s t o n e  s a m p l e s  s u b j e c t  t o  p o r o s i t y  a n d  
p e r m e a b i l i t y  m e a s u r e m e n t s ,  w h i c h  w e r e  s e l e c t e d  f r o m  B o r e h o l e s  W a n d  X  a n d  
m a r k e d  w i t h ·  i n  T a b l e  8 - 2 ,  p o r o s i t y  a n d  p e r m e a b i l i t y  d a t a  w e r e  f r o m  G a l l o w a y  a n d  
H a m i l t o n  ( 1 9 8 8 ) .  
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Table 8-2 Results of porosity and permeability measurements. 
SN OU GS PO PER I SN OU GS PO PER 
BOREHOlEA 
A146.5 UB 0.20 9.23 0.25 A211.4 LB 0.35 11.54 0.81 
A163.1 UB 025 13.56 1.17 A247.1 se 1.80 1225 3.03 
, A184.3 UB 0.20 14.18 1.19 A313.5 se 0.40 1021 0.33 
I 
BOREHOlEB 
B151.7 UB 0.25 7.33 0.14 8234.7 LB 0.25 7.17 
I B211,4 UB 0.25 7.61 8406.2 wo 0.40 6.62 
BOREHOlEC 
C038.4 UB 0.20 12.81 1.02 C089,4 LB 1.00 11.18 1.34 
C081.1 LB 0.25 a44 C132.6 se 0.25 5.35 
BOREHOlEO 
0053.9 se 028 17.16 7.76 0236.0 wo 0.35 10.47 0.61 
0084.9 SC 025 11.89 5.40 0257.5 wo 0.30 14.67 2.36 
0102.5 se 028 16.90 2.08 0295.9 wo 0.20 13.12 127 
0184.9 se 0.35 12.87 1.45 
BOREHOlEE 
E118.5 se 025 11.13 0.80 E243.6 se 0.40 15.25 4
.76 I 
E128.0 se 0.30 20.71 5126 E344.1 wo 0.35 15.95 1.85 I 
E212.3 se 0.45 12.83 1.01 E363.6 wo 0.30 13.53 I 
E224.5 se 0.30 13.82 1.10 
BOREHOlEF I 
F219.2 UB 0.18 12.40 0.63 F563.0 se 0.35 8.67 0.87 
F255.6 UB 0.20 15.20 0.86 F573.8 wo 0.40 10.41 1.23 
F470.4 se 0.45 14.53 4.63 F751.7 wo 0.35 8.89 0.28 
F4842 se 0.45 13.41 0.98 
BOREHOLEG 
G553.8 wo 0.30 12.89 0.68 I 
BOREHOlEH 
H319.0 UB 0.40 16.07 178.31 H516.2 SC 0.50 12.72 0.87 
H3782 LB 0.20 14.01 1.00 H535.1 se· 0.40 11.45 0.41 
H419.7 LB 0.85 15.01 99.67 H597.9 wo 0.25 12.81 0.63 
H454.9 se 025 15.07 5.62 H625,4 wo 0.35 10.27 
BOREHOlEI 
1327.7 BH 0.25 11.01 0.23 1543.4 LB 0.25 15.63 3.84 
1378.5 UB 0.30 17.24 1.29 1629.3 se 0.35 12.71 7.12 
1382.9 UB 0.30 14.20 1.23 1769.6 wo 0.35 8.73 
1437,4 UB 0.20 10.66 0.15 
BOREHOLEJ 
J451,4 se 0.25 12.82 J641.2 wo 0.25 5.49 
J514.8 se 0.35 6.79 
BOREHOLEK 
K30.7 wo ~.50_1!-~_ ... ~. K73.4 wo 0.35 7.70 
-
-
-
3 0 2  
S N  O U  
G S  
P O  
P E R  I  
S N  O U  
G S  
P O  
P E R  I  
B O R E H O L E L  
I  
L 3 4 6 . 2  
U S  0 . 3 0  
9 . 0 3  0 . 3 9  1 . 5 4 7 . 6  s e  
0 . 6 0  
8 . 4 3  1 . 3 6  
L 4 0 6 . 8  U S  
0 . 2 0  
1 1 . 4 6  0 . 3 7  l 5 7 9 2  
s e  0 2 5  
9 . 1 3  0 . 3 9  
I  
L 4 2 2 . 3  U S  
0 2 0  
5 . 6 7  L 7 1 7 . 8  W O  
0 . 5 5  
3 . 1 3  
L 4 8 7 . 8  
L B  0 . 2 5  
5 . 5 6  0 2 4  
L 7 5 9 . 9  W O  0 . 8 0  2 . 6 9  0 . 3 1  
l 5 3 2 . 9  s e  
0 2 5  
7 . 4 6  
B O R E H O L E M  
M 2 2 8 . 0  
L B  0 2 0  
9 . 8 6  M 4 8 6 . 6  
W O  0 . 4 0  
1 1 . 6 5  1 2 0  
M 4 0 2 . 9  s e  0 . 3 0  
1 2 . 9 2  1 . 3 1  M 5 2 8 . 5  
W O  0 2 8  
7 . 5 3  0 . 6 9  
B O R E H O L E O  
0 2 9 6 . 5  B H  
0 . 3 3  1 3 . 5 4  1 6 . 9 9  0 4 8 8 . 2  L B  
0 2 5  
1 1 . 3 3  0 . 3 6  
0 3 9 4 2  U S  
0 2 5  
1 3 . 4 7  0 . 7 9  0 5 1 2 . 5  L B  
0 . 3 0  
1 4 . 8 0  1 . 3 9  
0 4 1 7 . 4  U S  0 . 2 5  
1 3 . 6 5  
0 . 7 7  0 5 7 8 . 4  s e  
0 . 3 0  
8 . 9 9  0 . 3 8  
0 4 3 5 . 2  U S  
0 2 0  
1 4 . 8 0  0 . 4 8  0 6 1 7 . 7  
s e  0 . 2 0  
1 0 . 3 5  
0 . 3 2  
0 4 5 2 . 9  U S  0 . 3 0  
1 1 . 3 4  
0 . 3 8  0 7 0 9 . 5  W O  
0 2 3  
9 . 1 6  
0 4 6 9 2  U S  0 2 5  1 3 . 1 5  0 . 5 9  0 7 4 5 . 8  W O  
0 2 0  
7 2 9  
B O R E H O L E S  
5 4 4 6 . 6  
s e  0 . 3 0  
1 3 . 5 7  0 . 2 8  5 5 7 5 . 1  
W O  0 2 5  1 2 . 7 9  0 . 7 3  
5 5 0 4 . 4  s e  0 . 3 5  
1 5 . 5 4  0 . 8 2  5 5 9 8 . 9  
W O  0 . 3 5  1 1 . 3 3  0 . 3 9  
5 5 2 2 . 8  s e  0 . 3 0  
1 5 . 6 9  0 . 9 9  
S 6 5 2 . 8  W O  0 . 3 0  9 2 6  0 . 4 0  
5 5 5 7 . 0  
W O  0 . 2 5  
1 2 . 1 6  0 . 5 8  
B O R E H O L E T  
T 3 2 0 . 5  
s e  0 . 2 5  
1 8 . 0 9  
1 3 7 . 5 6  T 3 9 7 . 6  W O  
1 . 0 0  
1 2 . 0 1  1 2 . 3 4  
T 3 6 5 . 4  
W O  0 . 3 5  
2 3 . 1 3  1 6 9 . 9 4  T 4 1 9 . 0  
W O  0 . 2 5  1 6 . 5 0  2 . 6 7  
B O R E H O L E U  
U 1 9 1 . 5  
s e  0 . 2 5  
1 0 . 7 7  
0 . 7 7  I  U 3 2 6 . 0  W O  0 . 2 5  1 1 . 0 3  
B O R E H O L E W  
W 1 7 6 . 4  
B H  0 . 1 8  9 2 8  0 . 9 0  
W 3 5 4 . 9 ·  
L B  
0 . 9 5  
2 5 2 3  1 2 8 3 . 0 0  
W 1 8 o . 1  
B H  0 . 1 8  
1 2 . 9 8  
3 . 1 5  
W 3 5 9 . 4 ·  
L B  
1 . 5 0  
1 4 . 9 2  1 7 4 . 7 0  
W l 8 2 . 6  B H  0 . 1 5  8 . 9 5  0 . 7 6  W 3 6 8 . 0  
L B  0 . 3 5  
1 7 . 0 4  1 0 3 . 7 4  
W 2 0 9 . 8 ·  
B H  1 . 3 0  
1 5 . 6 3  5 8 . 0 2  W 3 8 8 . 8  
L B  0 2 5  4 . 9 3  0 . 3 7  
W 2 1 0 . 3 ·  
B H  1 2 0  
1 6 . 4 3  3 2 2 6 . 3 0  
W 3 9 6 . 8 ·  
L B  1 . 0 0  1 4 . 6 3  8 0 . 9 9  
W 2 2 9 . 8  B H  0 . 3 0  8 . 0 9  0 . 5 7  W 4 0 1 . 6  
s e  0 . 0 8  
6 . 0 7  0 . 3 1  
W 2 4 3 . 9  U S  1 . 3 0  
1 3 . 5 8  
3 3 5 . 9 0  W 4 3 0 . 8  s e  
0 . 7 5  
1 5 . 1 2  1 2 1 . 2 4  
W 2 7 4 . 6  
U S  0 . 2 0  
1 5 . 9 3  2 5 . 9 2  W 4 5 5 . 6  
s e  0 2 5  1 1 . 8 4  0 . 6 6  
W 3 0 0 . 8 ·  
U S  0 2 5  
1 7 . 4 5  1 7 8 . 9 0  W 4 7 0 . 1  
s e  0 . 4 5  
1 3 . 8 0  
2 . 6 3  
W 3 0 4 . 9  U S  
0 . 2 3  
1 3 . 7 5  8 . 9 8  W 4 7 9 . 8  W O  
0 . 2 0  
7 . 7 7  0 . 5 3  
W 3 1 0 . 4 ·  
U S  
0 . 2 0  
1 8 . 2 6  1 0 4 . 1 2  W 4 9 3 . 9  W O  
0 . 5 0  
1 3 . 7 7  7 . 9 0  
W 3 4 9 . 9  U S  
0 . 7 0  
1 2 . 1 2  1 9 2 5  W 5 1 5 . 6  W O  
0 . 3 5  
1 1 . 0 0  2 . 2 3  
S N  
O U  G S  P O  
P E R  I  
S N  
O U  G S  
P O  
B O R E H O t E X  
X 2 8 1 . 3 '  
B H  
0 . 3 5  7 . 9 4  0 . 8 0  
X 4 7 6 . 2 '  
L B  1 . 1 5  
9 . 3 0  
X 2 8 2 . 0  B H  
0 . 4 5  9 . 0 6  3 . 8 2  X 4 8 9 . 0  L B  0 . 9 0  
X 2 9 6 . 6 '  B H  0 . 6 5  1 4 . 2 9  8 0 1 . 9 0  
X 5 0 8 . 2 '  
L B  0 . 4 5  1 8 . 0 4  
X 2 9 7 . 7 '  B H  0 . 3 0  1 3 . 3 6  
8 4 . 8 1  X 5 2 5 . 8 '  
s e  1 . 5 0  9 . 0 0  
X 3 0 9 . 3  B H  0 . 7 5  1 2 . 6 0  1 1 0 . 0 0  X 5 2 8 . 7  s e  0 . 4 5  1 2 . 1 7  
X 3 3 6 . 1  U B  0 . 1 8  1 0 . 8 3  0 . 9 9  X 5 3 0 . 7 '  s e  0 . 4 0  
1 3 . 3 8  
X 3 5 7 . 4  U B  0 . 0 5  1 . 8 7  0 2 9  
X 5 3 1 . 9 '  
s e  0 . 5 0  1 5 . 1 0  
X 3 6 5 . 6  U B  0 . 2 5  9 . 4 9  1 . 0 9  X 5 5 9 . 4  s e  0 2 5  
1 1 . 0 3  
X 3 8 6 . 8  U B  0 . 2 5  1 2 . 7 6  1 . 0 0  X 5 8 8 . 5  
s e  
0 . 3 5  1 2 . 0 2  
X 4 1 3 . 3  
U B  
0 . 1 5  1 1 . 4 1  1 . 1 1  X 6 1 2 . 9  W O  0 . 4 0  1 1 . 3 5  
X 4 3 6 . 6  U B  0 . 4 5  1 2 . 0 5  
5 . 7 4  X 6 4 0 . 0  
W O  0 2 5  7 . 7 9  
X 4 5 8 . 9  
L B  
0 . 3 5  1 2 . 6 8  2 . 0 1  X 6 7 5 . 5  W O  0 . 3 0  7 . 8 8  
X 4 7 3 . 1  L B  0 . 4 5  
1 3 . 3 1  
5 . 3 3  
B O R E H O t E Y  
Y 3 7 7 . 5  B H  0 . 4 5  
1 4 . 0 9  3 4 . 6 7  
Y 5 6 6 . 1  L B  
0 . 1 5  7 . 4 0  
Y 3 9 7 . 6  U B  0 2 3  1 1 . 1 9  
2 . 7 0  Y 5 9 3 . 9  
s e  
0 2 8  1 0 . 9 2  
Y 4 2 9 . 0  
U B  0 2 3  
1 3 . 5 4  5 . 3 3  Y 6 2 4 . 7  s e  0 . 3 5  9 . 1 1  
Y 4 6 8 . 5  U B  0 2 8  1 3 . 0 6  4 . 3 6  Y 6 4 2 . 2  s e  0 . 3 5  9 . 1 7  
Y 4 8 6 . 5  
U B  
0 . 2 3  1 3 . 8 8  3 2 5  Y 6 7 2 . 9  W O  0 . 3 8  9 . 6 3  
Y 5 0 1 . 8  U B  0 . 1 8  9 . 2 3  0 . 6 0  Y 6 9 0 . 1  W O  0 . 9 0  1 0 . 4 1  
Y 5 1 5 . 3  
L B  
0 . 2 5  1 3 . 0 0  1 . 6 7  Y 7 2 7 . 4  W O  0 . 5 0  5 . 7 3  
Y 5 4 9 . 1  L B  0 . 4 5  1 0 . 1 3  4 2 2  
Y 7 5 7 . 9  
W O  0 2 5  
5 . 4 7  
B O A E H a . E Z  
Z 4 0 2 . 9  U B  0 2 3  1 2 . 5 7  
1 . 8 1  
Z 6 3 2 . 7  s e  0 . 4 0  7 2 5  
Z 4 2 2 . 6  U B  0 . 1 8  1 3 . 8 1  
1 2 4  
Z 6 5 6 . 8  s e  0 . 4 0  6 . 4 0  
Z 4 4 4 2  U B  0 . 1 8  1 1 . 8 3  0 . 6 6  Z 6 7 9 . 4  W O  0 . 4 5  9 . 0 9  
Z 4 9 9 . 0  U B  0 . 2 3  1 1 . 8 4  1 . 3 4  Z 7 o o 2  W O  0 . 3 5  9 . 2 8  
Z 5 1 2 . 4  L B  0 2 8  1 3 . 4 0  
1 . 8 9  
Z 7 0 3 . 3  W O  0 . 2 3  7 . 3 0  
Z 5 3 1 . 9  
L B  
0 . 2 8  1 2 . 2 0  1 . 5 8  Z 7 4 O . 4  W O  0 . 2 8  8 . 3 2  
Z 5 9 3 . 0  s e  
0 . 4 5  8 . 3 2  0 . 8 1  Z 7 6 2 . 5  
W O  0 . 3 3  
7 . 4 8  
Z 6 1 1 . 3  s e  
0 . 1 5  5 . 0 2  0 . 6 6  Z 7 6 3 . 8  W O  0 . 4 0  7 . 0 7  
N o t e :  
S N  ~ s a m p l e  n u m b e r .  O U  _  o p e r a t i o n a l  u n t t .  G S  - a v e r a g e  g r a i n  s i z e  ( m m ) .  
P O  _  p o r o s i t y  ( 0 / 0 ) .  P E R  _  p e r m e a b i l i t y  ( m d ) .  
P E R  
4 . 4 3  
2 0 . 6 3  
2 5 2 7  
0 . 4 9  
4 2 . 6 2  
9 . 4 4  
3 1 6 . 9 0  
0 . 5 0  
0 . 8 8  
1 . 1 0  
0 . 3 9  
0 . 3 1  
1 . 1 8  
1 . 3 2  
0 . 9 8  
0 . 7 0  
0 . 7 5  
3 5 . 0 6  
0 . 5 6  
0 . 3 7  
0 . 6 0  
0 . 5 8  
0 . 9 1  
1 . 1 7  
0 . 8 4  
1 . 0 0  
0 . 3 7  
0 . 5 4  
B H  •  B a l d  H i l l  O p e r a t i o n a l  U n t t .  U B  - U p p e r  B u l g o .  L B  - L o w e r  B u l g o .  s e  - S c a r b o r o u g h .  
W O .  W o m b a r r a .  
,  P o r o s i t y  a n d  p e r m e a b i l i t y  d a t a  d e r i v e d  f r o m  G a l l o w a y  a n d  Hami~on ( 1 9 8 8 ) .  
3 0 3  
3 0 4  
A  n u m b e r  o f  f a c t o r s  a f f e c t  t h e  r e s e r v o i r  q u a l i t y  o f  s a n d s t o n e s  a n d  i n c l u d e  d e t r i t a l  
c o m p o s i t i o n ,  t e x t u r e ,  a n d  d i a g e n e s i s .  T o  f a c i l i t a t e  d i s c u s s i o n ,  t h e  S y d n e y  B a s i n  
w a s  b r o a d l y  d i v i d e d  i n t o  t w o  p a r t s :  c o m b i n i n g  t h e  s o u t h e r n  r e g i o n  a n d  w e s t  m a r g i n  
a s  o n e  ( s o u t h - w e s t  r e g i o n )  a n d  c o m b i n i n g  t h e  n o r t h e r n  r e g i o n  a n d  e a s t  c o a s t  z o n e  
a s  t h e  o t h e r  ( n o r t h - e a s t  r e g i o n ) .  I n  F i g s  8 - 1  t o  8 - 6 ,  t w o  p l o t s  w e r e  d r a w n .  O n e  i s  f o r  
t h e  s o u t h - w e s t  r e g i o n  a n d  t h e  o t h e r  f o r  t h e  n o r t h - e a s t  r e g i o n .  
8 . 3 . 1  D E T R I T A L  C O M P O S I T I O N  O F  S A N D S T O N E S  
T h e  i n f l u e n c e  o f  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  o n  t h e  q u a l i t y  o f  s a n d s t o n e  a s  
r e s e r v o i r s  i s  i l l u s t r a t e d  b y  F i g  8 - 1 .  I t  i s  a  c r o s s  p l o t  o f  p e r m e a b i l i t y  v s .  q u a r t z  
p e r c e n t a g e .  T h e  p l o t  s h o w s  t h a t  p e r m e a b i l i t y  g e n e r a l l y  i n c r e a s e s  w i t h  t h e  i n c r e a s e  
i n  d e t r i t a l  q u a r t z  e v e n  t h o u g h  f o r  a  g i v e n  q u a r t z  p e r c e n t a g e  t h e r e  e x i s t s  a  g r e a t  
d e a l  o f  v a r i a b i l i t y .  T h e  v a r i a b i l i t y  i s  a  f u n c t i o n  o f  t e x t u r e  a n d  d i a g e n e s i s .  O f  t h e  1 9  
s a n d s t o n e s  w i t h  a  p e r m e a b i l i t y  g r e a t e r  t h a n  5 0  m d  ( l o w e r  l i m i t  f o r  g o o d  r e s e r v o i r s ) ,  
6  h a v e  a  q u a r t z  p e r c e n t a g e  a b o v e  9 5  %  a n d  o n l y  t w o  h a v e  a  q u a r t z  p e r c e n t a g e  
l e s s  t h a n  7 5  % .  I n  c o n t r a s t ,  s a n d s t o n e s  i n  w h i c h  d e t r i t a l  q u a r t z  a c c o u n t s  f o r  l e s s  
t h a n  5 0  %  o f  t h e  t o t a l  d e t r i t a l  g r a i n s  r a r e l y  h a v e  a  p e r m e a b i l i t y  g r e a t e r  t h a n  1 5  m d  
( F i g  8 - 1 ) ,  w h i c h  i s  t h e  l o w e r  l i m i t  r e q u i r e d  f o r  m o d e r a t e  r e s e r v o i r s  a c c o r d i n g  t o  t h e  
c r i t e r i a  i n  T a b l e  8 - 1 .  T h e  c o n c l u s i o n s  f r o m  t h e  p l o t  a r e  t h a t  ( 1 )  t h e  d e t r i t a l  
c o m p o s i t i o n  o f  s a n d s t o n e s  h a s  a  d i r e c t  c o n t r o l  o n  t h e  q u a l i t y  o f  s a n d s t o n e s  a s  
r e s e r v o i r s ,  ( 2 )  q u a r t z  a r e n i t e s  a n d  s u b l i t h a r e n i t e s  a r e  l i k e l y  t o  c o m p r i s e  h i g h  q u a l i t y  
r e s e r v o i r s  a l t h o u g h  a  h i g h  q u a r t z  p e r c e n t a g e  d o e s  n o t  e n s u r e  t h a t  t h e  s a n d s t o n e  
m u s t  b e  a  h i g h  q u a l i t y  r e s e r v o i r .  I n  t h e  s a m e  o p e r a t i o n a l  u n i t ,  s a n d s t o n e s  i n  t h e  
s o u t h - w e s t  r e g i o n  o f  t h e  b a s i n  g e n e r a l l y  c o n t a i n  m o r e  d e t r i t a l  q u a r t z  t h a n  t h o s e  i n  
t h e  n o r t h - e a s t  r e g i o n  o f  t h e  b a s i n  s o  t h a t  t h e y  a r e  g e n e r a l l y  b e t t e r  r e s e r v o i r s  t h a n  
s a n d s t o n e s  i n  t h e  n o r t h - e a s t  r e g i o n .  
8 . 3 . 2  I N F L U E N C E  O F  P O R O S I T Y  O N  P E R M E A B I L I T Y  
T h e  a b s o l u t e  v a l u e  o f  p o r o s i t y  a f f e c t s  p e r m e a b i l i t y  o f  s a n d s t o n e s .  T h i s  i s  
d e m o n s t r a t e d  b y  a  c r o s s  p l o t  o f  m e a s u r e d  p o r o s i t y  v s .  p e r m e a b i l i t y  ( F i g  8 - 2 ) .  
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P o r o s i t y  a n d  p e r m e a b i l i t y  k e e p  a  g e n e r a l  p o s i t i v e  r e l a t i o n s h i p .  P e r m e a b i l i t y  
i n c r e a s e s  w i t h  t h e  i n c r e a s e  i n  p o r o s i t y .  T h e  r e l a t i o n s h i p  c a n  b e  e x p r e s s e d  b y  t h e  
f a m i l i a r  e x p o n e n t i a l  f u n c t i o n  
0 = a + b l o g K  
w h e r e  0  =  p o r o s i t y ,  K  =  p e r m e a b i l i t y ,  a ,  b  =  c o n s t a n t s  f o r  a  g i v e n  s e d i m e n t a r y  
s e c t i o n .  F o r  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  2  m d  s e e m s  t o  b e  a  d i v i d i n g  p O i n t .  
T h e  a ,  b  v a l u e s  f o r  t h e  s a n d s t o n e s  w i t h  p e r m e a b i l i t y  g r e a t e r  t h a n  2  m d  a r e  1 0  a n d  
2 . 5 ,  a n d  t h e  a ,  b  v a l u e s  f o r  t h e  s a n d s t o n e s  w i t h  p e r m e a b i l i t y  l e s s  t h a n  2  m d  a r e  
1 1 . 5  a n d  8 . 5 .  F o r  t h e  r e l a t i v e l y  l e s s  p e r m e a b l e  s a n d s t o n e s  (  k  <  2  m d ) ,  p o r o s i t y  
a f f e c t s  p e r m e a b i l i t y  t o  a  s m a l l  e x t e n t .  P e r m e a b i l i t y  i n c r e a s e s  s l i g h t l y  w i t h  t h e  
i n c r e a s e  i n  p o r o s i t y .  I n  c o n t r a s t ,  p o r o s i t y  a f f e c t s  p e r m e a b i l i t y  t o  a  l a r g e  e x t e n t  f o r  
t h e  p e r m e a b l e  s a n d s t o n e s  ( k  >  2  m d ) .  P e r m e a b i l i t y  i n c r e a s e s  g r e a t l y  w i t h  
i n c r e a s i n g  p o r o s i t y .  
D e s p i t e  t h e  g e n e r a l  p o s i t i v e  r e l a t i o n s h i p ,  t h e r e  i s  a  g r e a t  d e a l  o f  v a r i a b i l i t y .  A t  a  
p a r t i c u l a r  p o r o s i t y  v a l u e ,  t h e  c o r r e s p o n d i n g  p e r m e a b i l i t y  c a n  b e  i n  a  w i d e  r a n g e .  
T h i s  i m p l i e s  t h a t  p e r m e a b i l i t y  i s  n o t  o n l y  a f f e c t e d  b y  t h e  a b s o l u t e  p o r o s i t y  v a l u e  b u t  
a l s o  a f f e c t e d  b y  t h e  t y p e  o f  p o r o s i t y  ( m i c r o p o r o s i t y  o r  m a c r o p o r o s i t y )  a n d  t h e  s i z e  o f  
t h e  t h r o a t  c o n n e c t i n g  p o r e  s p a c e s .  F o r  i n s t a n c e ,  a  s a n d s t o n e  m a y  h a v e  a  h i g h  
p o r o s i t y  b u t  m i c r o p o r o s i t y  m a k e s  u p  a  s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  p o r o s i t y .  I n  t h i s  
t y p e  o f  s a n d s t o n e s ,  a  h i g h  p o r o s i t y  i s  u n l i k e l y  t o  b e  a c c o m p a n i e d  b y  a  h i g h  
p e r m e a b i l i t y .  
T h e  m e a s u r e d  p o r o s i t y  i s  g e n e r a l l y  g r e a t e r  t h a n  t h a t  d e r i v e d  f r o m  p o i n t  c o u n t i n g .  
T h e  d i f f e r e n c e  i n  t h e  t w o  v a l u e s  c a n  b e  t a k e n  a s  a  r o u g h  m e a s u r e  o f  m i c r o p o r o s i t y  
i n  t h e  s a n d s t o n e  s i n c e  m i c r o p o r o s i t y  i s  n o t  o b s e r v a b l e  u n d e r  t h e  p e t r o l o g i c a l  
m i c r o s c o p e .  I n  q u a r t z - r i c h  s a n d s t o n e s ,  p o r o s i t y  c o n s i s t s  l a r g e l y  o f  i n t e r - g r a i n  p o r e  
s p a c e s  ( m a c r o p o r o s i t y )  w h e r e a s  m i c r o p o r o s i t y  m a k e s  u p  a  s i g n i f i c a n t  p r o p o r t i o n  o f  
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the porosity in volcanic lithic-rich sandstones. The presence of diagenetic clays 
enhances micro porosity in all kinds of sandstones. 
As shown in Fig 8-2, for a given porosity value particularly if the value is greater 
than 10 %, the corresponding permeability tends to be lower for the sandstones in 
the north-east region than those in the south-west region. This is attributed to the 
type of porosity in different parts of the basin. In the northern region and the east 
coast zone, sandstones are generally rich in detrital lithics. In view of this 
composition and the presence of diagenetic iIIite and mixed-layer iIIite I smectite, 
pore spaces in these sandstones are expected to be mainly in the form of 
microporosity. The size of pore throats was greatly reduced by mechanical 
compaction and precipitation of diagenetic clay minerals. Thus a high porosity will 
not correspond to a high permeability. 
8.3.3 GRAIN SIZE OF SANDSTONES 
This influence is exhibited by cross plots of porosity and permeability vs. grain size. 
As shown in Fig 8-3, permeability has a general positive relationship with the 
average grain size. The larger the grain size the greater the permeability. Of the 19 
sandstones with a permeability greater than 50 md, four are medium sandstones, 
nine coarse sandstones, four very coarse sandstones and only one is a fine 
sandstone with grain coating carbonates. Of the 21 sandstones with a permeability 
of 5-50 md, the majority are medium and coarse sandstones. For the sandstones 
with a similar grain size, however, the permeability can be remarkably different, 
which implies that the grain size is only one of the factors controlling porosity and 
permeability. 
From the plots in Fig 8-4, it can be seen that the relationship between porosity and 
average grain size is not clear. For a given grain size, porosity can range from 5 to 
20 %, which is caused by other depositional and diagenetic factors. However, 
sandstones with a grain size smaller than 0.25 mm rarely have porosities greater 
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t h a n  1 5  % ,  w h i c h  i s  t h e  m i n i m u m  p o r o s i t y  v a l u e  r e q u i r e d  f o r  g o o d  r e s e r v o i r s  
a c c o r d i n g  t o  t h e  c r i t e r i a  i n  T a b l e  8 - 1 .  O n  t h e  o t h e r  h a n d ,  s a n d s t o n e s  w i t h  a  p o r o s i t y  
g r e a t e r  t h a n  1 5  %  g e n e r a l l y  h a v e  a  g r a i n  s i z e  l a r g e r  t h a n  0 . 2 5  m m .  
T h e  g e n e r a l  c o n c l u s i o n s  f r o m  t h e  t w o  p l o t s  a r e  t h a t  ( 1 )  s a n d s t o n e s  s h o u l d  h a v e  a  
g r a i n  s i z e  g r e a t e r  t h a n  0 . 2 5  m m  t o  b e  h i g h  q u a l i t y  r e s e r v o i r s  e v e n  t h o u g h  
s a n d s t o n e s  w i t h  a  g r a i n  s i z e  a b o v e  0 . 2 5  m m  d o  n o t  e n s u r e  h i g h e r  p o r o s i t i e s  a n d  
p e r m e a b i l i t i e s ,  a n d  ( 2 )  v e r y  f i n e  a n d  f i n e  g r a i n e d  s a n d s t o n e s  a r e  u n l i k e l y  t o  b e  
h i g h  q u a l i t y  r e s e r v o i r s .  
G r a i n  s o r t i n g  i n  s a n d s t o n e s  o b v i o u s l y  a f f e c t s  p o r e  s p a c e s .  I n  p o o r l y  s o r t e d  
s a n d s t o n e s ,  t h e  f i n e  p a r t i c l e s  f i l l  t h e  p o r e  s p a c e s  a m o n g  t h e  c o a r s e  p a r t i c l e s  s o  
t h a t  p o r o s i t y  i s  g r e a t l y  r e d u c e d .  M o d e r a t e  t o  g o o d  s o r t i n g  i s  a n o t h e r  f a v o u r a b l e  
f a c t o r  f o r  s a n d s t o n e s  a s  h i g h  q u a l i t y  r e s e r v o i r s ,  e s p e c i a l l y  f o r  f i n e  a n d  m e d i u m  
s a n d s t o n e s .  
T h e  a m o u n t  o f  c l a y  m a t r i x  ( i n c l u d i n g  d i a g e n e t i c  c l a y s )  a l s o  a f f e c t s  p o r o s i t y  a n d  
p e r m e a b i l i t y .  C l a y  m a t r i x  i s  d e s t r u c t i v e  i n  v i e w  o f  p o r o s i t y  p r e s e r v a t i o n .  P o r o s i t y  
a n d  p a r t i c u l a r l y  p e r m e a b i l i t y  g e n e r a l l y  d e c r e a s e  w i t h  t h e  i n c r e a s e  i n  c l a y  m a t r i x .  I n  
t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  t h e  a s s o c i a t i o n  o f  a b u n d a n t  c l a y  m a t r i x  ( l a r g e l y  
d e t r i t a l )  w i t h  v e r y  f i n e  a n d  f i n e  s a n d s t o n e s  i s  p r o b a b l y  o n e  o f  t h e  f a c t o r s  w h i c h  
c r e a t e s  l o w  p o r o s i t y  a n d  p e r m e a b i l i t y  i n  v e r y  f i n e  a n d  f i n e  s a n d s t o n e s .  T h e  
i n c r e a s e  o f  c l a y  m a t r i x  w i t h  t h e  i n c r e a s e  i n  v o l c a n i c  r o c k  f r a g m e n t s  i s  o n e  o f  t h e  
f a c t o r s  r e s p o n s i b l e  f o r  l o w  p o r o s i t y  a n d  p a r t i c u l a r l y  p e r m e a b i l i t y  i n  l i t h i c - r i c h  
s a n d s t o n e s  s o  t h a t  i n  g e n e r a l  q u a r t z - r i c h  s a n d s t o n e s  i n  t h e  s o u t h - w e s t  r e g i o n  t e n d  
t o  h a v e  h i g h e r  p o r o s i t y  a n d  p e r m e a b i l i t y  t h a n  l i t h i c - r i c h  s a n d s t o n e s  i n  t h e  n o r t h -
e a s t  r e g i o n  o f  t h e  b a s i n .  
8 . 3 . 4  B U R I A L  D E P T H  
A s  d i s c u s s e d  i n  t h e  l a s t  c h a p t e r ,  t h e  N a r r a b e e n  G r o u p  h a s  b e e n  b u r i e d  t o  m u c h  
3 1 2  
g r e a t e r  d e p t h s  t h a n  c u r r e n t  d r i l l i n g  d e p t h s .  T h e  t h i c k n e s s  o f  e r o d e d  s e d i m e n t a r y  
s e c t i o n  v a r i e s  a c r o s s  t h e  b a s i n .  S a n d s t o n e s  a t  s i m i l a r  p r e s e n t  d a y  d r i l l  d e p t h  a t  
d i f f e r e n t  l o c a t i o n s  w e r e  p r o b a b l y  b u r i e d  t o  d i f f e r e n t  d e p t h s .  T h u s  t h e  i n f l u e n c e  o f  
b u r i a l  d e p t h  o n  p o r o s i t y  a n d  p e r m e a b i l i t y  i s  b e t t e r  d i s c u s s e d  i n  t h e  f r a m e w o r k  o f  
c o m p a r i n g  m e a s u r e d  p o r o s i t y  a n d  p e r m e a b i l i t y  v a l u e s  w i t h  d r i l l i n g  d e p t h  i n  t h e  
s a m e  b o r e  h o l e .  
A s  s h o w n  i n  F i g s  8 - 5  a n d  8 - 6 ,  p o r o s i t y  a n d  p e r m e a b i l i t y  g e n e r a l l y  d e c r e a s e  w i t h  
t h e  i n c r e a s e  i n  d r i l l i n g  d e p t h ,  p a r t i c u l a r l y  i n  t h e  s o u t h - w e s t  r e g i o n  o f  t h e  b a s i n .  D u e  
t o  m e c h a n i c a l  c o m p a c t i o n ,  s a n d s t o n e s  a t  t h e  d e e p e r  b u r i a l  d e p t h  a r e  e x p e c t e d  t o  
h a v e  l o w e r  p o r o s i t y  a n d  p e r m e a b i l i t y  t h a n  t h o s e  a t  t h e  s h a l l o w e r  b u r i a l  d e p t h .  
H o w e v e r  i t  s h o u l d  b e  n o t e d  t h a t  t h e  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  c h a n g e s  
f r o m  t h e  b o t t o m  t o  t o p  o f  t h e  N a r r a b e e n  G r o u p .  T h e  c o n t e n t  o f  d e t r i t a l  q u a r t z  g r a i n s  
g e n e r a l l y  i n c r e a s e s  w h e r e a s  t h a t  o f  l i t h i c  r o c k  f r a g m e n t s  g e n e r a l l y  d e c r e a s e s  
u p w a r d s  t o w a r d s  t h e  t o p  o f  t h e  N a r r a b e e n  G r o u p ,  p a r t i c u l a r l y  i n  t h e  s o u t h - w e s t  
r e g i o n .  T h e r e f o r e  t h e  d e c r e a s e  o f  p o r o s i t y  a n d  p e r m e a b i l i t y  w i t h  t h e  b u r i a l  d e p t h  i n  
t h e  s a m e  b o r e  h o l e  i s  p r o b a b l y  m o r e  r e l a t e d  w i t h  t h e  v a r i a t i o n  o f  d e t r i t a l  
c o m p o s i t i o n  o f  s a n d s t o n e s  t h r o u g h o u t  t h e  N a r r a b e e n  G r o u p  t h a n  t h e  i n f l u e n c e  o f  
b u r i a l  d e p t h ,  a n d  t h e  g e n e r a l  d e c r e a s e  o f  p o r o s i t y  a n d  p e r m e a b i l i t y  w i t h  t h e  
i n c r e a s e  i n  d r i l l i n g  d e p t h  i n  t h e  s a m e  b o r e h o l e  i s  m o r e  c l e a r l y  s h o w n  i n  t h e  s o u t h -
w e s t  r e g i o n  t h a n  i n  t h e  n o r t h - e a s t  r e g i o n .  
8 . 3 . 5  D I A G E N E S I S  O F  S A N D S T O N E S  
P o r o s i t y  a n d  p e r m e a b i l i t y  a r e  a l s o  c o n t r o l l e d  b y  d i a g e n e t i c  p r o c e s s e s .  T h e y  
i n c l u d e  m e c h a n i c a l  c o m p a c t i o n ,  d i s s o l u t i o n  a n d  c e m e n t a t i o n  b y  q u a r t z ,  
c a r b o n a t e s  a n d  c l a y  m i n e r a l s .  
( i )  M e c h a n i c a l  C o m p a c t i o n  
L i n e a r  c o n t a c t s  o f  d e t r i t a l  g r a i n s ,  s u t u r e  c o n t a c t s  a m o n g  d e t r i t a l  q u a r t z  g r a i n s ,  a n d  
d e f o r m e d  m i c a  f l a k e s  a r o u n d  a d j a c e n t  " h a r d "  d e t r i t a l  g r a i n s  a r e  a l l  i n d i c a t i o n s  t h a t  
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mechanical compaction has taken place and it is an important mechanism 
reducing porosity and permeability. In sandstones rich in detrital quartz clasts 
(quartzarenite and sublitharenite), early cementation by clay minerals and side rite 
partly lithified sandstones. Such a lithification provided some resistance to 
mechanical compaction and so part of original inter-grain pore spaces are 
preserved. In sandstones rich in detrital lithics, the dissolution I alteration 
processes affecting detrital lithics and feldspar grains in the early stage of 
diagenesis made these unstable particles more ductile so that they facilitated 
further mechanical compaction. In these sandstones, inter-grain pore spaces 
(macroporosity) were largely lost due to mechanical compaction. 
(ii) Cementation 
In quartz-rich sandstones, quartz overgrowths and kaolins are the important 
cements reducing porosity and permeability. In some parts of the same sandstone, 
inter-grain primary pore spaces can be completely lost due to cementation by 
quartz (Fig 8-7). Quartz cementation is more destructive to porosity in fine 
sandstones than in medium and coarse sandstones. In the former, primary inter-
grain pore spaces were small so that they were more likely to be mostly or 
completely occluded by quartz overgrowths. In the texturally mature medium and 
coarse sandstones, quartz overgrowths occur in the form of thin veneers. Primary 
inter-grain pore spaces could exist between quartz overgrowths. 
Diagenetic kaolins reduce porosity but, more significantly they reduce permeability. 
Their presence changes pore spaces from macroporosity to microporosity. They 
reduce pore throats and may even block them. As a result, quartz-rich sandstones 
with abundant kaolins (e.g. samples from Borehole 0) can have a high porosity but 
rarely have a corresponding high permeability. 
In quartz-rich sandstones, side rite is normally the dominant type of carbonate 
cement. It generally occurs in single or mosaic crystals. Pore filling side rite cement 
316 
Fig 8-7 (top left) Quartz overgrowths reducing inter-grain pore spaces. 
From 8t Albans 1 at drilling depth of 419.7 m (sample H419.7). Measured porosity 
and permeability of this sample are 15.01 % and 99.67 md. 
Fig 8-8 (top right) Porous sandstone with grain coating side rite. From 
Cobbitty 3 at drilling depth of 531.9 m (sample X531.9). Measured porosity and 
permeability of this sample are 15.10 % and 316.90 md. 
Fig 8-9 (middle left) Porous sandstone with grain coating calcite and siderite. 
From Weromba 2 at drilling depth of 300.8 m (sample W300.8). Measured porosity 
and permeability of this sample are 17.45 % and 178.90 md. 
Fig 8-10 (middle right) Post quartz overgrowth ankerite occluding inter-grain 
pore spaces. From Coal Cliff 17 at drilling depth of 151.7 m (sample 8151.7). 
Measured porosity and permeability of this sample are 7.33 % and 0.14 md. 
Fig 8-11 (bottom left) Calcite cement occluding inter-grain pore spaces. From 
Liverpool 91 at drilling depth of 595.2 m (sample L595.2). No measured porosity 
and permeability data for this sample. 
Fig 8-12 (bottom right) lIIite lining inter-grain pore spaces reducing porosity to a 
less extent but permeability to a large extent. From Cobbitty 3 at drilling depth of 
476.2 (sample X476.8). Measured porosity and permeability of this sample are 
9.30 % and 4.43 md. 
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i n  l a r g e  a m o u n t s  w a s  f o u n d  b u t  v e r y  r a r e .  T h e r e f o r e ,  s i d e  r i t e  c e m e n t a t i o n  d i d  n o t  
r e d u c e  p o r o s i t y  t o  a n y  s i g n i f i c a n t  e x t e n t .  I n  a d d i t i o n ,  g r a i n  c o a t i n g  s i d e r i t e s  I  
c a l c i t e s  f o u n d  i n  t h r e e  q u a r t z  r i c h  s a n d s t o n e s  f a v o u r  p r e s e r v a t i o n  o f  p o r o s i t y  s i n c e  
t h e y  p r e v e n t  t h e s e  s a n d s t o n e  f r o m  f u r t h e r  d i a g e n e s i s  ( q u a r t z  o v e r g r o w t h s  a n d  
m e c h a n i c a l  c o m p a c t i o n )  ( F i g s  8 - 8  &  8 - 9 ) .  T h e  t h r e e  s a n d s t o n e s  c o n t a i n i n g  g r a i n  
c o a t i n g  c a r b o n a t e s  h a v e  p o r o s i t i e s  a n d  p e r m e a b i l i t i e s  o f  1 7 . 4 5  %  a n d  1 7 8 . 9 0  m d  
f o r  s a m p l e  W 3 0 0 . 8 ,  1 8 . 2 6  %  a n d  1 0 4 . 1 2  m d  f o r  s a m p l e  W 3 1 0 . 4 ,  a n d  1 5 . 1 0  %  a n d  
3 1 6 . 9 0  m d  f o r  s a m p l e  X 5 3 1 . 9 .  T h e y  a r e  g o o d  a n d  v e r y  g o o d  r e s e r v o i r s .  H o w e v e r ,  
t h e  f a c t o r s  c o n t r o l l i n g  p r e c i p i t a t i o n  o f  g r a i n  c o a t i n g  c a r b o n a t e s  a r e  n o t  c l e a r  s o  t h a t  
t h e  d i s t r i b u t i o n  o f  t h e  s a n d s t o n e s  c o n t a i n i n g  g r a i n  c o a t i n g  c a r b o n a t e s  r e m a i n s  
e n i g m a t i c .  
I n  s o m e  q u a r t z - r i c h  s a n d s t o n e s  i n  t h e  e a s t  c o a t  z o n e  a n d  n o r t h e r n  r e g i o n ,  p o s t  
q u a r t z  o v e r g r o w t h  c a l c i t e  o r  a n k e r i t e  w a s  f o u n d  b o t h  i n  t h i n  s e c t i o n s  a n d  u n d e r  
S E M / E D X  a n a l y s e s .  T h e s e  l a t e  c e m e n t s  f u r t h e r  r e d u c e  p o r o s i t y  ( F i g  8 - 1 0 ) .  T h i s  i s  
a n o t h e r  f a c t o r  w h y  s a n d s t o n e s  w i t h  a  c o m p a r a b l e  d e t r i t a l  c o m p o s i t i o n  t e n d  t o  h a v e  
a  l o w e r  p o r o s i t y  i n  t h e  e a s t  c o a s t  z o n e  a n d  t h e  n o r t h e r n  r e g i o n  t h a n  i n  t h e  w e s t  
m a r g i n  a n d  t h e  s o u t h e r n  r e g i o n .  
I n  s a n d s t o n e s  r i c h  i n  d e t r i t a l  l i t h i c s ,  c a r b o n a t e  c e m e n t a t i o n  c a n  b e  a  v e r y  i m p o r t a n t  
m e c h a n i s m  o f  p o r o s i t y  r e d u c t i o n .  P o r e  f i l l i n g  c a l c i t e  a n d  I  o r  a n k e r i t e  c e m e n t s  
o c c u r  i n  l a r g e  a m o u n t s  i n  s o m e  l i t h i c - r i c h  s a n d s t o n e s  i n  t h e  e a s t  c o a s t  z o n e  a n d  
t h e  n o r t h e r n  r e g i o n .  I n  t h e s e  s a n d s t o n e s ,  t h i s  s o r t  o f  c a r b o n a t e  c e m e n t a t i o n  c a n  
.  r e s u l t  i n  a n  a l m o s t  c o m p l e t e  l o s s  o f  t h e  p r i m a r y  i n t e r - g r a i n  p o r e  s p a c e s  ( F i g  8 - 1 1 ) .  
M i x e d - l a y e r  i l l i t e  I  s m e c t i t e  c o a t s  d e t r i t a l  g r a i n s  a n d  i l l i t e  f i l l s  i n t e r - g r a i n  p o r e  
s p a c e s .  T h e y  t e n d  t o  e x t e n d  o u t  f r o m  t h e  d e t r i t a l  g r a i n s  a t  r i g h t  a n g l e s  ( F i g  8 - 1 2 ) .  
A s  a  r e s u l t ,  t h e  t h i c k n e s s  o f  t h e  i r r e d u c i b l e  w a t e r  l a y e r  a s s o c i a t e d  w i t h  d e t r i t a l  
g r a i n s  i s  e x t e n d e d  s o  t h a t  i t  r e d u c e s  p o r e  t h r o a t s  a n d  e v e n  b l o c k  t h e m .  E v e n  
t h o u g h  t h e  p r e s e n c e  o f  a  s m a l l  a m o u n t  o f  m i x e d  - l a y e r  i l l i t e  I  s m e c t i t e  a n d  i l l i t e  
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d o e s  n o t  r e d u c e  p o r o s i t y  m u c h ,  i t  m a y  r e s u l t  i n  a  b i g  r e d u c t i o n  o f  p e r m e a b i l i t y .  
G r a i n  c o a t i n g  c h l o r i t e  i s  o f t e n  c i t e d  a s  h a v i n g  i n h i b i t e d  s u b s e q u e n t  c e m e n t a t i o n .  
T h e  m o s t  o f t e n  c i t e d  e x a m p l e  o f  p o r o s i t y  p r e s e r v a t i o n  d u e  t o  c h l o r i t e  i s  t h e  
C r e t a c e o u s  T u s c a l o o s a  s a n d s t o n e  o f  t h e  G u l f  C o a s t  ( T h o m s o n ,  1 9 7 9 ) .  H o w e v e r ,  
g r a i n  c o a t i n g  c h l o r i t e  d o e s  n o t  f a v o u r  p o r o s i t y  p r e s e r v a t i o n  i n  t h e  N a r r a b e e n  G r o u p  
s a n d s t o n e s  s i m p l y  d u e  t o  t h e  f a c t  t h a t  i t  f a i l e d  t o  p r e v e n t  s a n d s t o n e s  f r o m  f u r t h e r  
d i a g e n e s i s .  Q u a r t z  o r  c a r b o n a t e  c e m e n t a t i o n  o f t e n  s u c c e e d e d  p r e c i p i t a t i o n  o f  
g r a i n  c o a t i n g  c h l o r i t e .  S a n d s t o n e s  w i t h  g r a i n  c o a t i n g  c h l o r i t e  t e n d  t o  h a v e  a  l o w  
p o r o s i t y  a n d  p e r m e a b i l i t y .  
( i i i )  D i s s o l u t i o n  
D i s s o l u t i o n  p r o c e s s e s  i n c r e a s e  p o r o s i t y  o f  s a n d s t o n e s  a n d  s o  e n h a n c e  r e s e r v o i r  
p o t e n t i a l .  S e c o n d a r y  p o r o s i t y  w a s  m a i n l y  c r e a t e d  b y  d i s s o l u t i o n  p r o c e s s e s  i n  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s .  I t  w a s  s t u d i e d  b o t h  i n  t h i n  s e c t i o n s  a n d  u n d e r  S E M I  
E D X  a n a l y s e s .  T h e  i n t r a - g r a i n ,  i n t r a - c e m e n t  a n d  m o u l d  s e c o n d a r y  p o r o s i t i e s  a r e  
i s o l a t e d  p o r e  s p a c e s .  I n c r e a s e  o f  t h i s  s o r t  o f  s e c o n d a r y  p o r o s i t y  i s  n o t  
a c c o m p a n i e d  b y  a n  i n c r e a s e  i n  p e r m e a b i l i t y .  P r e s e r v e d  o v e r s i z e d  s e c o n d a r y  
p o r o s i t y  i s  m o r e  i m p o r t a n t  w i t h  r e g a r d  t o  r e s e r v o i r  p o t e n t i a l .  A s  m e n t i o n e d  i n  t h e  
p e t r o l o g y  c h a p t e r ,  s e c o n d a r y  p o r o s i t y  i s  p r e s e n t  i n  m o s t  o f  t h e  s a n d s t o n e s  s t u d i e d  
b u t  i n  a  t r a c e  a m o u n t  ( g e n e r a l l y  l e s s  t h a n  2  %  o f  t h e  t o t a l  s a n d s t o n e ) .  T h e  r a t i o  o f  
s e c o n d a r y  p o r o s i t y  t o  t h e  t o t a l  p r i m a r y  a n d  s e c o n d a r y  p o r o s i t i e s  i s  l e s s  t h a n  1 / 5  f o r  
t h e  m a j o r i t y  o f  s a n d s t o n e s  s u b j e c t e d  t o  m o d a l  a n a l y s e s .  T h u s  t h e  p r e s e n t  
p r e s e r v e d  p o r o s i t y  i s  l a r g e l y  p r i m a r y  p o r o s i t y .  S e c o n d a r y  p o r o s i t y  i s  o n l y  l o c a l l y  
i m p o r t a n t .  O v e r a l l ,  d i s s o l u t i o n  i s  n o t  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  r e s e r v o i r  
p o t e n t i a l  o f  s a n d s t o n e s .  
I n  s u m m a r y ,  p o r o s i t y  a n d  p e r m e a b i l i t y  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  a r e  
c o n t r o l l e d  b y  a  c o m b i n a t i o n  o f  d e p o s i t i o n a l  a n d  d i a g e n e t i c  f a c t o r s .  T h e  f o r m e r  
i n c l u d e  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s  a n d  t e x t u r e  o f  s a n d s t o n e s  ( g r a i n  s i z e ,  
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s o r t i n g ,  a n d  d e t r i t a l  c l a y  m a t r i x )  a n d  t h e  l a t t e r  m e c h a n i c a l  c o m p a c t i o n ,  c e m e n t a t i o n  
o f  d i a g e n e t i c  m i n e r a l s  a n d  d i s s o l u t i o n .  C o n s i d e r i n g  a l l  t h e s e  f a c t o r s .  h i g h  q u a l i t y  
r e s e r v o i r s  s h o u l d  h a v e  t h e  f o l l o w i n g  t h r e e  f e a t u r e s :  ( 1 )  a  h i g h  p e r c e n t a g e  o f  d e t r i t a l  
q u a r t z  c l a s t s ,  ( 2 )  m e d i u m  t o  c o a r s e  g r a i n  s i z e  ( b e t t e r  i f  m o d e r a t e l y  t o  w e l l  s o r t e d ) .  
( 3 )  q u a r t z  o v e r g r o w t h  a n d  s i d e  r i t e  a s  t h e  p r i n c i p a l  c e m e n t s .  T h e s e  a r e  s i m i l a r  t o  
t h e  c o n c l u s i o n s  o f  H a m i l t o n  a n d  G a l l o w a y  ( 1 9 8 9 ) .  I n  a d d i t i o n ,  q u a r t z - r i c h  
s a n d s t o n e s  w i t h  g r a i n  c o a t i n g  s i d e  r i t e  /  c a l c i t e  a r e  h i g h  q u a l i t y  r e s e r v o i r s .  
8 , 4  R E S E R V O I R  P O T E N T I A L  O F  T H E  N A R R A B E E N  G R O U P  S A N P S T O N E S  
T h e  m e a s u r e d  p o r o s i t i e s  a n d  p e r m e a b i l i t i e s  a r e  d e s c r i b e d  f o r  e a c h  o f  t h e  f i v e  
o p e r a t i o n a l  u n i t s  i n  t h e  t w o  p a r t s :  s o u t h - w e s t  r e g i o n  a n d  n o r t h - e a s t  r e g i o n .  B a s e d  
o n  t h e  d a t a  f r o m  p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s  ( T a b l e  8 - 2 ) .  t h e  r e s e r v o i r  
p o t e n t i a l  o f  e a c h  o p e r a t i o n a l  u n i t  i s  e v a l u a t e d .  
8 . 4 . 1  W O M B A R R A  O P E R A T I O N A L  U N I T  
I n  t h e  s o u t h - w e s t  r e g i o n  t h e  m e a s u r e d  p o r o s i t y  a n d  p e r m e a b i l i t y  f o r  t h i s  u n i t  r a n g e  
f r o m  5 . 4 7  t o  1 3 . 7 7  %  a n d  f r o m  0 . 3 7  t o  1 6 9 . 9 4  m d  r e s p e c t i v e l y .  M o s t  o f  t h e  p o r o s i t y  
v a l u e s  a r e  l e s s  t h a n  1 0  %  a n d  m o s t  o f  t h e  p e r m e a b i l i t y  v a l u e s  a r e  l e s s  t h a n  1 0  m d .  
F o r  t h e  s a n d s t o n e s  f r o m  B o r e h o l e s  O .  Y  a n d  Z ,  t h e  p e r m e a b i l i t y  i s  g e n e r a l l y  l e s s  
t h a n  2  m d .  F o r  a  f e w  m o d e r a t e l y  t o  w e l l  s o r t e d  m e d i u m  a n d  c o a r s e  g r a i n e d  
s a n d s t o n e s  ( s u c h  a s  s a m p l e s  T 3 6 5 . 4  a n d  Y 6 9 0 . 1 ) .  t h e  p o r o s i t y  r e a c h e s  u p  t o  m o r e  
t h a n  1 0  %  a n d  t h e  p e r m e a b i l i t y  i s  g r e a t e r  t h a n  4 0  m d .  T h e  s a n d s t o n e s  f r o m  t h e  
w e s t  m a r g i n  t e n d  t o  h a v e  h i g h e r  p o r o s i t y  a n d  p e r m e a b i l i t y  t h a n  t h o s e  f r o m  t h e  
s o u t h e r n  r e g i o n .  
I n  t h e  n o r t h - e a s t  r e g i o n .  t h e  p o r o s i t y  v a r i e s  f r o m  2 . 6 9  t o  1 5 . 9 5  %  w i t h  t h e  m a j o r i t y  
f a l l i n g  i n  t h e  r a n g e  o f  7  t o  1 2  % .  T h e  p e r m e a b i l i t y  v a r i e s  f r o m  0 . 2 8  t o  1 3 . 5 3  m d  w i t h  
t h e  m a j o r i t y  b e i n g  l e s s  t h a n  2  m d .  S a n d s t o n e s  f r o m  t h e  e a s t  c o a s t  z o n e  g e n e r a l l y  
h a v e  s m a l l e r  p o r o s i t i e s  a n d  p e r m e a b i l i t i e s  t h a n  t h o s e  f r o m  t h e  n o r t h e r n  r e g i o n .  
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T h e  m e a s u r e d  p o r o s i t y  a n d  p e r m e a b i l i t y  d a t a  i n d i c a t e  t h a t  t h e  s a n d s t o n e s  i n  t h i s  
u n i t  a r e  g e n e r a l l y  p o o r  r e s e r v o i r s .  I n  t h i s  u n i t ,  s o m e  m o d e r a t e l y  t o  w e l l  s o r t e d ,  
m e d i u m  a n d  c o a r s e  g r a i n e d  c h a n n e l - f i l l  s a n d s t o n e s  m a y  c o m p r i s e  f a i r  t o  g o o d  
r e s e r v o i r  r o c k s .  H o w e v e r ,  t h i s  s o r t  o f  s a n d s t o n e  i s  g e o g r a p h i c a l l y  r e s t r i c t e d  t o  t h e  
w e s t  m a r g i n  a n d  s t r a t i g r a p h i c a l l y  t o  t h e  t o p  p a r t  o f  t h e  u n i t  w h e r e  s a n d s t o n e s  a r e  
r e l a t i v e l y  r i c h  i n  q u a r t z .  
8 . 4 . 2  S C A R B O R O U G H  O P E R A T I O N A L  U N I T  
I n  t h e  s o u t h - w e s t  r e g i o n ,  t h e  m e a s u r e d  p o r o s i t y  a n d  p e r m e a b i l i t y  f o r  t h i s  u n i t  a r e  i n  
t h e  r a n g e  o f  5 . 0 2  t o  1 8 . 0 9  %  a n d  0 . 3 1  t o  1 3 7 . 5 6  m d  r e s p e c t i v e l y .  M o s t  o f  t h e  
s a n d s t o n e s  f r o m  t h i s  u n i t  h a v e  a  p o r o s i t y  o f  l e s s  t h a n  1 0  %  a n d  a  p e r m e a b i l i t y  o f  
l e s s  t h a n  2  m d .  T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  t h e  s a n d s t o n e s  f r o m  B o r e h o l e s  A ,  0 ,  Y  
a n d  Z  i n  t h e  s o u t h e r n  r e g i o n .  A  f e w  s a n d s t o n e s  f r o m  B o r e h o l e s  T ,  W a n d  X  a r e  
q u i t e  p o r o u s .  T h e y  h a v e  p o r o s i t i e s  o f  m o r e  t h a n  1 5  %  a n d  p e r m e a b i l i t i e s  o f  g r e a t e r  
t h a n  2 0  m d .  I n  s a m p l e  T 3 2 0 . 5 ,  a  p o r o s i t y  o f  1 8 . 0 9  %  a n d  a  p e r m e a b i l i t y  o f  1 3 7 . 5 6  
m d  w e r e  m e a s u r e d .  
I n  t h e  n o r t h - e a s t  r e g i o n ,  t h e  p o r o s i t y  a n d  p e r m e a b i l i t y  f a l l  i n  t h e  r a n g e  f r o m  5 . 3 5  t o  
2 0 . 7 1  %  a n d  f r o m  0 . 2 8  t o  5 1 . 2 6  m d .  A  f e w  s a n d s t o n e s  f r o m  B o r e h o l e  E  s h o w  g o o d  
a s p e c t s  a s  h i g h  q u a l i t y  r e s e r v o i r  r o c k s .  S a m p l e  E 1 2 8 . 0  h a s  a  p o r o s i t y  o f  2 0 . 7 1  %  
a n d  a  p e r m e a b i l i t y  o f  5 1 . 2 6  m d .  
L i k e  t h e  u n d e r l y i n g  W o m b a r r a  O p e r a t i o n a l  U n i t ,  t h e  s a n d s t o n e s  f r o m  t h e  l o w e r  p a r t  
o f  t h e  u n i t  h a v e  a  v e r y  l o w  p o t e n t i a l  a s  r e s e r v o i r  r o c k s .  H o w e v e r ,  s o m e  s a n d s t o n e s  
f r o m  u p p e r  p a r t  o f  t h e  u n i t  i n  t h e  w e s t  m a r g i n  a s  w e l l  a s  i n  B o r e h o l e s  X  a n d  E  i n  t h e  
s o u t h e r n  a n d  n o r t h e r n  r e g i o n s  c o m p r i s e  m o d e r a t e  t o  v e r y  g o o d  r e s e r v o i r s .  
8 . 4 . 3  L O W E R  B U L G O  O P E R A T I O N A L  U N I T  
T h e  s a n d s t o n e s  w i t h i n  t h i s  u n i t  h a v e  p o r o s i t i e s  r a n g i n g  f r o m  4 . 9 3  %  t o  2 5 . 2 3  %  
a n d  p e r m e a b i l i t i e s  r a n g i n g  f r o m  0 . 3 7  t o  1 2 8 3 . 0  m d .  T h e  m a j o r i t y  o f  s a n d s t o n e s  
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f r o m  B o r e h o l e  W  h a v e  p e r m e a b i l i t i e s  o f  m o r e  t h a n  8 0  m d .  I n  c o n t r a s t ,  t h e  
s a n d s t o n e s  f r o m  B o r e h o l e s  A  a n d  0  h a v e  p e r m e a b i l i t i e s  o f  l e s s  t h a n  1 . 5  m d .  
I n  t h e  n o r t h - e a s t  r e g i o n ,  8  s a n d s t o n e  s a m p l e s  f r o m  t h i s  u n i t  w e r e  s u b j e c t  t o  
p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s .  T h e  p o r o s i t y  r a n g e s  f r o m  5 . 5 6  t o  1 5 . 6 3  %  
a n d  t h e  p e r m e a b i l i t y  f r o m  0 . 2 4  t o  9 9 . 6 7  m d .  I f  s a m p l e  H 4 1 9 . 7 ,  w h i c h  h a s  a  
p e r m e a b i l i t y  o f  9 9 . 6 7  m d ,  i s  e x c l u d e d  f r o m  t h i s  g r o u p ,  t h e  p e r m e a b i l i t y  w i l l  f a l l  i n  a  
v e r y  s m a l l  r a n g e  a n d  v a r y  f r o m  0 . 2 4  t o  3 . 6 4  m d .  
T h e  p o t e n t i a l  o f  s a n d s t o n e s  i n  t h i s  u n i t  a s  r e s e r v o i r s  i s  q u i t e  h i g h ,  p a r t i c u l a r l y  f o r  
s a n d s t o n e s  f r o m  t h e  s o u t h - w e s t  r e g i o n .  T h e  m e a s u r e d  p o r o s i t y  a n d  p e r m e a b i l i t y  
i n d i c a t e  t h a t  s o m e  s a n d s t o n e s  f r o m  B o r e h o l e  W  i n  t h e  w e s t  m a r g i n  a r e  g o o d  t o  
e x c e l l e n t  r e s e r v o i r s .  A  n u m b e r  o f  s a n d s t o n e s  f r o m  B o r e h o l e s  X  a n d  H a r e  
m o d e r a t e  t o  g o o d  r e s e r v o i r s .  
8 . 4 . 4  U P P E R  B U L G O  O P E R A T I O N A L  U N I T  
I n  t h e  s o u t h - e a s t  r e g i o n ,  t h e  d a t a  f r o m  t h e  p o r o s i t y  a n d  p e r m e a b i l i t y  m e a s u r e m e n t s  
i n d i c a t e  p o r o s i t y  a n d  p e r m e a b i l i t y  r a n g e  f r o m  9 . 2 3  %  t o  1 8 . 2 6  %  a n d  f r o m  0 . 2 5  t o  
3 3 5 . 9  m d  r e s p e c t i v e l y .  S o m e  s a n d s t o n e s  f r o m  B o r e h o l e  W  h a v e  h i g h e r  
p e r m e a b i l i t i e s  o f  m o r e  t h a n  1 0 0  m d .  T h e  p e r m e a b i l i t y  i n  t h e  m a j o r i t y  o f  s a n d s t o n e s  
f r o m  o t h e r  b o r e h o l e s  i s  l e s s  t h a n  5  m d .  
I n  t h e  n o r t h - e a s t  r e g i o n ,  p o r o s i t i e s  f a l l  i n  t h e  r a n g e  o f  7 . 3 3  t o  1 7 . 2 4  %  a n d  
p e r m e a b i l i t i e s  i n  t h e  r a n g e  o f  0 . 1 4  t o  1 7 8 . 3 1  m d  w i t h  t h e  m a j o r i t y  b e i n g  l e s s  t h a n  
1 5  m d .  O n e  s a n d s t o n e  f r o m  B o r e h o l e  H  ( s a m p l e  H 3 1 9 . 0 )  s h o w s  g o o d  a s p e c t s  a s  a  
h i g h  q u a l i t y  r e s e r v o i r  a s  i t  h a s  a  p o r o s i t y  o f  1 6 . 0 7 %  a n d  a  p e r m e a b i l i t y  o f  1 7 8 . 3 1  
m d .  
T h e  s a n d s t o n e s  i n  t h i s  u n i t  c o u l d  a c t  a s  g o o d  t o  v e r y  g o o d  r e s e r v o i r s ,  a s  
d e m o n s t r a t e d  b y  s o m e  s a n d s t o n e s  f r o m  B o r e h o l e s  W a n d  H .  H o w e v e r ,  t h e  
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potential is not as high as that of the sandstones in the underlying Lower Bulgo 
Operational Unit. This is largely due to the smaller grain size of sandstones in this 
unit than those in the underlying LB unit. 
8.4.5 BALD HILL OPERATIONAL UNIT 
The data from porosity and permeability measurements indicate that porosities of 
the coarse and very coarse grained sandstones are greater than 13 % and 
permeabilities greater than 30 md. The permeability reaches up to 3226.3 md in 
one of the samples (sample W210.3). More significantly, in sandstones from 
Boreholes 0 and Y, porosities of more than 13 % and permeabilities of more than 
15 md were measured. 
Porosity and permeability were measured in only one sandstone (sample 1327.7) 
in the north-east region. They are 11.01 % and 0.23 md, which does not show a 
high potential as a reservoir rock. 
The measured porosity and permeability data demonstrate that this unit has the 
highest potential as reservoir rocks. Sandstones composing good to excellent 
reservoirs are not only from Borehole W in the west margin but also from Borehole 
X in the southern region. Some sandstones from Boreholes Y and 0 could act as 
moderate reservoirs. 
8,5 PISTRIBUTION OF GOOp TO EXCELLENT RESERVOIRS 
According to the criteria listed in Table 8-1, 19 of the 175 measured samples have 
permeabilities of greater than 50 md and so they are good to excellent reservoirs. 
Fig 8-13 shows the distribution of the 19 good to excellent reservoirs throughout 
the Narrabeen Group and across the basin. One of them is from the WO unit 
(169.94 md), four from the SC unit with an average of 156.70 md, five from the LB 
unit with an average of 348.42 md, four from the UB unit with an average of 199.31 
md and five from the BH unit with an average of 856.21 md. Geographically, ten of 
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F i g  8 - 1 3  D i s t r i b u t i o n  o f  h i g h  q u a l i t y  r e s e r v o i r s  t h r o u g h o u t  t h e  N a r r a b e e n  
G r o u p  a n d  a c r o s s  t h e  S y d n e y  B a s i n .  
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t h e m  a r e  f r o m  B o r e h o l e  W ,  f o u r  f r o m  B o r e h o l e  X ,  t w o  f r o m  B o r e h o l e s  T  a n d  H  e a c h ,  
a n d  o n e  f r o m  B o r e h o l e  E .  
B a s e d  o n  t h e  m e a s u r e d  p o r o s i t y  a n d  p e r m e a b i l i t y  d a t a ,  t h e  p o t e n t i a l  o f  t h e  
N a r r a b e e n  G r o u p  s a n d s t o n e s  a s  h y d r o c a r b o n  r e s e r v o i r s  c a n  b e  s u m m a r i s e d  a s :  
( 1 )  I n  t e r m s  o f  s t r a t i g r a p h y ,  t h e  B H  h a s  t h e  h i g h e s t  p o t e n t i a l ,  w h i c h  i s  s u c c e e d e d  i n  
o r d e r  b y  t h e  L B  u n i t ,  U B  u n i t ,  s e  u n i t  a n d  W O  u n i t ;  ( 2 )  G e o g r a p h i c a l l y ,  t h e  w e s t  
m a r g i n  h a s  t h e  h i g h e s t  p o t e n t i a l ,  w h i c h  i s  s u c c e e d e d  i n  o r d e r  b y  t h e  s o u t h e r n  
r e g i o n ,  n o r t h e r n  r e g i o n  a n d  t h e  e a s t  c o a s t  z o n e .  T h e s e  c o n c l u s i o n s  a r e  s i m i l a r  t o  
t h o s e  d r a w n  b y  H a m i l t o n  a n d  G a l l o w a y  ( 1 9 8 9 ) .  
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CONCLUSIONS 
1) Channel fill, inter-channel floodplain I lacustrine and channel margin are 
the three principal component facies recognised in the Narrabeen Group with the 
channel margin facies being of minor volumetric importance. 
2) Conglomerate and sandstone are the lithological components of the 
channel fill deposits with sandstone being of much more volumetric importance. 
Sandstone commonly comprises the entire channel fill facies by itself although in 
some cases, together with channellag conglomerate, makes up channel fill facies. 
3) A single channel fill facies is normally 2 m thick. Channel fill facies can be 
stacked together to form amalgamated channel fill facies, which can be 15 m or 
more thick. 
4) Inter-channel floodplain Ilacustrine facies consists of shales I mudstones 
and very fine sandstones. Channel margin facies (natural levee and crevasse 
splay) are represented lithologically by silty shale, very fine and fine sandstones. 
5) The sandstones in the Narrabeen Group consist largely of detrital quartz (5 
- 80 % of the total sandstone) and lithics (0 - 75 %), which are inversely related to 
each other. Detrital feldspar is a minor component (0 - 15 %). In sandstones rich in 
quartz, detrital feldspar is rarely found. 
6) The percentage of detrital quartz in the total detrital clasts generally 
increases upwards throughout the Narrabeen Group from 20 - 40 % at the basal 
part of the group to 80 - 95 % in the Bald Hill Operational Unit and that of detrital 
lithics decreases from 60 - 80 % to 20 - 40 %. These vertical variations are more 
clearly shown in the boreholes in the southern basin than in the northern basin. 
3 2 6  
7 )  T h e  v e r t i c a l  v a r i a t i o n  o f  d e t r i t a l  c o m p o s i t i o n  d o e s  n o t  p r o c e e d  a t  a  u n i f o r m  
r a t e .  D e p e n d i n g  u p o n  t h e  b o r e h o l e  l o c a t i o n  i n  t h e  b a s i n ,  o n e  t o  t h r e e  d i s t i n c t i v e  
b o u n d a r i e s ,  a c r o s s  w h i c h  d e t r i t a l  c o m p o s i t i o n s  o f  s a n d s t o n e s  h a v e  a  s u d d e n  a n d  
s i g n i f i c a n t  c h a n g e ,  a n d  I  o r  o n e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l  c a n  b e  r e c o g n i s e d .  
T h e  l o w e r m o s t  b o u n d a r y  i s  d e f i n e d  a s  D B 3 ,  t h e  m i d d l e  o n e  a s  D B 2 ,  a n d  t h e  
u p p e r m o s t  o n e  a s  D B 1  w i t h  D B 2  b e i n g  t h e  m o s t  o b v i o u s .  A c r o s s  D B 2  u p w a r d s ,  a  
s u d d e n  2 0  - 3 5  %  i n c r e a s e  i n  d e t r i t a l  q u a r t z  c l a s t s  a n d  a  s u d d e n  2 0  - 3 5  %  
d e c r e a s e  i n  d e t r i t a l  l i t h i c s  o c c u r .  
8 )  D B 3  i s  r e c o g n i s e d  i n  b o r e h o l e s  i n  t h e  w e s t  m a r g i n ,  t h e  s o u t h e r n  r e g i o n ,  
t h e  s o u t h w e s t e r n  p o r t i o n  o f  t h e  n o r t h e r n  r e g i o n  a n d  t h e  n o r t h e r n  p o r t i o n  o f  t h e  e a s t  
c o a s t  z o n e  o f  t h e  b a s i n .  I t  m a r k s  t h e  s o u r c e  c h a n g e  f r o m  l i t h i c  t o  q u a r t z o s e  o r  
m i x i n g  s o u r c e .  I t s  p o s i t i o n  i n  t h e  s t r a t i g r a p h i c  h o r i z o n  v a r i e s  f r o m  o n e  b o r e h o l e  t o  
a n o t h e r  f r o m  w i t h i n  t h e  l o w e r  p a r t  o f  t h e  W o m b a r r a  O p e r a t i o n a l  U n i t  t o  w i t h i n  t h e  
u p p e r  p a r t  o f  t h e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t ,  s u g g e s t i n g  t h e  s o u r c e  c h a n g e  d i d  
n o t  t a k e  p l a c e  u n i f o r m l y  i n  t h e  w h o l e  b a s i n .  
9 )  D B 2  m a r k s  t h e  t o p  b o u n d a r y  o f  t h e  a b n o r m a l l y  l i t h i c  - r i c h  i n t e r v a l ,  w h i c h  
g e n e r a l l y  c o r r e l a t e s  w i t h  t h e  l o w e r  p a r t  o f  t h e  S c a r b o r o u g h  O p e r a t i o n a l  U n i t .  T h u s  
D B 2  a n d  t h e  i n t e r v a l  o c c u r  t o g e t h e r  i n  t h e  s a m e  b o r e h o l e .  T h e y  a r e  r e s t r i c t e d  t o  t h e  
b o r e  h o l e s  i n  t h e  s o u t h e r n  b a s i n .  T h e i r  p r e s e n c e  i s  r e l a t e d  t o  t h e  e a s t e r n  v o l c a n i c  
s o u r c e ,  w h i c h  p r o b a b l y  l a y  e a s t " o f  t h e  p r e s e n t  d a y  c o a s t l i n e  o f f  C a p e  B a n k s  1  
b o r e h o l e  ( B o r e h o l e  J ) .  
1 0 )  D B 1  i s  r e c o g n i s e d  i n  b o r e h o l e s  w h e r e  t h e  s a m p l i n g  o f  t h e  B a l d  H i l l  
O p e r a t i o n a l  U n i t  s a n d s t o n e s  i s  a v a i l a b l e .  A c r o s s  i t  u p w a r d s ,  t h e  q u a r t z  p e r c e n t a g e  
i s  f u r t h e r  i n c r e a s e d  b y  1 0  - 1 5  " I o .  T h e  f u r t h e r  i n c r e a s e  o f  d e t r i t a l  q u a r t z  c l a s t s  
s u g g e s t s  t h a t  t h e  q u a r t z o s e  s o u r c e  b e c a m e  m o r e  i m p o r t a n t  a f t e r  D B 1 .  D B 1  i s  
g e n e r a l l y  c o n s i s t e n t  t h r o u g h o u t  t h e  b a s i n  a n d  l o c a t e d  n e a r  t h e  b o u n d a r y  b e t w e e n  
t h e  U p p e r  B u l g o  a n d  B a l d  H i l l  O p e r a t i o n a l  U n i t s .  
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11) Regionally, the average percentage of detrital quartz in sandstones in a 
given stratigraphic horizon decreases and that of detrital Iithics increases 
eastwards and less obviously northwards. 
12) During deposition of the Narrabeen Group, there existed three detrital 
sources: the Lachlan Fold Belt supplying detrital quartz clasts, the New England 
Fold Belt supplying detrital Iithics as well as quartz clasts, and eastern volcanic 
source with the first two being more important quantitatively than the latter. 
13) During early WO time (late Permian), the New England Fold Belt was the 
major source for the whole basin. As sedimentation proceeded, the Lachlan Fold 
Belt became more and more important and finally replaced the New England Fold 
Belt as the major detrital source. This was attributed to the reduction in height and 
extent in the New England Fold Belt caused by continued erosion and settling and 
the development of a peripheral bulge on the eastern edge of the Lachlan Fold Belt 
resulting from continued westward migration of Iithospheric loading, which was 
caused by thrusting in the New England Fold Belt. The source replacement did not 
occur at the same time in the whole basin. It happened in early period of WO time 
in the west margin, in middle period of WO time in the western portion of the 
southern region, at the end of WO time in the central part of the basin (near the 
boundary between the southern and northern regions), in the late period of se 
time in the southwestern portion of the northern region. In the northeastern portion 
of the northern region and northern portion of the east coast zone, it did not take 
place until the end of UB time. 
14) The eastern volcanic source supplied volcanic Iithics to the basin from 
middle WO time. The sandstone petrology data suggest that the volcanic source 
seemed to be very active only during two periods: early period of se time and early 
and middle periods of UB time. 
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1 5 )  D e t r i t a l  c l a s t s  a r e  c o n s o l i d a t e d  b y  c l a y  m a t r i x  ( b o t h  d e t r i t a l  a n d  d i a g e n e t i c )  
( 0  - 3 2  %  o f  t h e  t o t a l  s a n d s t o n e )  a n d  c a r b o n a t e  c e m e n t  ( 0  - 4 9  % ) .  Q u a r t z  c e m e n t  i s  
n o t  i m p o r t a n t  s i n c e  i t  a c c o u n t s  f o r  l e s s  t h a n  2  %  o f  t h e  t o t a l  s a n d s t o n e  i n  t h e  
m a j o r i t y  o f  s a n d s t o n e s  s t u d i e d .  C l a y  m a t r i x  a n d  c a r b o n a t e  c e m e n t  a r e  i n v e r s e l y  
r e l a t e d .  T h e  h i g h e r  t h e  c l a y  m a t r i x ,  t h e  l o w e r  t h e  c a r b o n a t e  c e m e n t .  
1 6 )  T h e r e  a r e  t h r e e  p r i n c i p a l  t y p e s  o f  d i a g e n e t i c  m i n e r a l s :  c a r b o n a t e s ,  c l a y  
m i n e r a l s ,  a n d  q u a r t z .  I n  a d d i t i o n ,  a u t h i g e n i c  a l b i t e  w a s  c o m m o n l y  f o u n d  i n  
s a n d s t o n e s  c o n t a i n i n g  d e t r i t a l  p l a g i o c l a s e .  A  m i n o r  a m o u n t  o f  h a e m a t i t e ,  p y r i t e ,  
a p a t i t e ,  a n a t a s e ,  a n a l c i m e ,  a n d  d a w s o n i t e  w e r e  a l s o  f o u n d .  
1 7 )  C a r b o n a t e s  c o n s i s t  o f  c a l c i t e  ( n o n - f e r r o a n  a n d  f e r r o a n ) ,  d o l o m i t e ,  a n k e r i t e ,  
a n d  s i d e  r i t e  w i t h  s i d e  r i t e  b e i n g  t h e  m o s t  c o m m o n  a n d  d o l o m i t e  t h e  l e a s t  c o m m o n .  
C l a y  m i n e r a l s  i n c l u d e  k a o l i n ,  i I I i t e ,  m i x e d  - l a y e r  i l l i t e  I  s m e c t i t e ,  a n d  c h l o r i t e  w i t h  
k a o l i n  b e i n g  t h e  m o s t  c o m m o n .  M i c r o - q u a r t z ,  m e g a - q u a r t z ,  a n d  q u a r t z  o v e r g r o w t h s  
c o m p r i s e  q u a r t z  c e m e n t  w i t h  q u a r t z  o v e r g r o w t h  b e i n g  t h e  m o s t  a b u n d a n t .  
1 8 )  D i a g e n e s i s  b e g a n  w i t h  t h e  f o r m a t i o n  o f  r a r e  g r a i n  c o a t i n g  h a e m a t i t e  a n d  
e a r l y  k a o l i n ,  g r a i n  c o a t i n g  m i x e d  - l a y e r  i l l i t e  I  s m e c t i t e  a n d  c h l o r i t e .  I t  w a s  
s u c c e e d e d  b y  m a j o r  c a r b o n a t e  c e m e n t a t i o n .  A m o n g  t h e  d i a g e n e t i c  c a r b o n a t e s ,  
c a l c i t e  c o a t i n g  d e t r i t a l  g r a i n s  w a s  t h e  f i r s t  t o  c r y s t a l l i s e  a n d  w a s  s u c c e e d e d  b y  
s i d e  r i t e  c o a t i n g  d e t r i t a l  g r a i n s ,  p o r e  f i l l i n g  c a l c i t e ,  p o r e  f i l l i n g  s i d e r i t e ,  p o r e  f i l l i n g  
f e r r o a n  c a l c i t e  a n d  p o r e  f i l l i n g  a n k e r i t e .  A f t e r  t h e  m a j o r  c a r b o n a t e  c e m e n t a t i o n ,  
k a o l i n ,  q u a r t z  o v e r g r o w t h  a n d  f i l a m e n t o u s  p o r e  b r i d g i n g  i l l i t e  c r y s t a l l i s e d .  T h e  l a s t  
c e m e n t s  t o  f o r m  w e r e  a  m i n o r  a m o u n t  o f  p o r e  f i l l i n g  c a l c i t e  a n d  a n k e r i t e .  
1 9 )  E a r l y  k a o l i n  ( g e n e r a t i o n  I )  a n d  g r a i n  c o a t i n g  m i x e d  - l a y e r  i I I i t e  I  s m e c t i t e  
c a n  o c c u r  t o g e t h e r ,  b u t  t h e y  a r e  e x c l u s i v e  w i t h  c h l o r i t e .  T h i s  s u g g e s t s  t h a t  e a r l y  
k a o l i n  a n d  i l l i t e  I  s m e c t i t e ,  a n d  c h l o r i t e  w e r e  f o r m e d  i n  d i f f e r e n t  p h y s i c o - c h e m i c a l  
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c o n d i t i o n s .  T h e  k a o l i n  a n d  i l l i t e  /  s m e c t i t e  c r y s t a l l i s e d  i n  s a n d s  w i t h  o x y g e n a t e d  
a n d  m i l d l y  a c i d i c  p o r e  w a t e r s  w h e r e a s  c h l o r i t e  f o r m e d  i n  s a n d s  w i t h  a n o x i c  a n d  
n e u t r a l  t o  m i l d l y  a l k a l i n e  p o r e  w a t e r s .  T h e  f o r m a t i o n  o f  c h l o r i t e s  w a s  a l s o  c o n t r o l l e d  
b y  t h e  d e t r i t a l  c o m p o s i t i o n  o f  s a n d s t o n e s ,  a s  s u g g e s t e d  b y  t h e  c l o s e  a s s o c i a t i o n  o f  
t h e  o c c u r r e n c e  o f  c h l o r i t e  w i t h  a b u n d a n t  v o l c a n i c  r o c k  f r a g m e n t s .  
2 0 )  T h e  t y p e  o f  c a r b o n a t e  f o r m e d  d u r i n g  c a r b o n a t e  c e m e n t a t i o n  w a s  
c o n t r o l l e d  b y  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  C a
2
+ ,  F e
2
+ ,  M g 2 +  a n d  M n
2
+  a n d  p h y s i c o -
c h e m i c a l  c o n d i t i o n s  o f  p o r e  w a t e r s .  N o n - f e r r o a n  c a l c i t e  f o r m e d  i n  p o r e  w a t e r s  
w h e r e  F e
2
+  w a s  v i r t u a l l y  a b s e n t .  W h e r e  F e
2
+  w a s  p r e s e n t  i n  a  h i g h e r  c o n c e n t r a t i o n ,  
o t h e r  t y p e s  o f  c a r b o n a t e s  ( F e  c a l c i t e ,  d o l o m i t e ,  a n k e r i t e  o r  s i d e  r i t e )  c r y s t a l l i s e d  
d e p e n d i n g  u p o n  t h e  c o n c e n t r a t i o n  o f  o t h e r  c a t i o n s  a n d  p h y s i c o - c h e m i c a l  
c o n d i t i o n s  i n  p o r e  w a t e r s .  
2 1 )  F e
2
+  u s e d  i n  f o r m i n g  c a r b o n a t e s  w a s  d e r i v e d  f r o m  r e d u c t i o n  o f  F e 2 0 3  b y  
o r g a n i c  m a t t e r  i n  a d j a c e n t  s h a l e s  /  m u d s t o n e s ,  a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s  
d u r i n g  d i a g e n e s i s  a n d  o r g a n i c  m a t t e r  i n  t h a t  o r d e r  o f  i m p o r t a n c e .  
2 2 )  C a
2
+  u s e d  i n  f o r m i n g  c a r b o n a t e  w a s  l a r g e l y  d e r i v e d  f r o m  i n i t i a l  h y d r a t i o n  
o f  v o l c a n i c  r o c k  f r a g m e n t s .  T h e  p r o d u c e d  C a
2
+  w a s  i n c o r p o r a t e d  w i t h  H C 0
3
- a t  o r  
n e a r  w h e r e  i t  w a s  p r o d u c e d  s o  t h a t  p o r e  f i l l i n g  C a  b e a r i n g  c a r b o n a t e s  ( c a l c i t e  a n d  
a n k e r i t e )  a r e  r e s t r i c t e d  t o  t h e  l o w e r  N a r r a b e e n  G r o u p  s a n d s t o n e s ,  w h i c h  a r e  
g e n e r a l l y  r i c h  i n  I i t h i c s .  
2 3 )  C a r b o n  i n  c a r b o n a t e s  ( o r  H C 0
3
- )  w a s  d e r i v e d  f r o m  a  c o m b i n a t i o n  o f  
o x i d a t i o n  o f  o r g a n i c  m a t t e r  b y  F e 3 +  o x i d e  ( r e d u c t i o n  o f  F e 2 0 3  b y  o r g a n i c  m a t t e r ) ,  
b a c t e r i a l  f e r m e n t a t i o n  i n  t h e  a d j a c e n t  s h a l e s  /  m u d s t o n e s  a n d  m e t e o r i c  w a t e r  
s u p p l y  ( C 0
2  
f r o m  a t m o s p h e r e ) .  
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2 4 )  K a o l i n s  ( g e n e r a t i o n  1 1 )  w e r e  f o r m e d  b y  d i r e c t  p r e c i p i t a t i o n  f r o m  m i g r a t i n g  
p o r e  w a t e r s  a n d  a l t e r a t i o n  o f  v o l c a n i c  r o c k  f r a g m e n t s ,  f e l d s p a r ,  a n d  m i c a .  T h e y  a r e  
m o r e  c o m m o n  a n d  a b u n d a n t  i n  s a n d s t o n e  r i c h  i n  q u a r t z  t h a n  t h o s e  r i c h  i n  l i t h i c s .  
2 5 )  Q u a r t z  o v e r g r o w t h s  d e v e l o p e d  i n  t w o  w a y s  a n d  I  o r  a  c o m b i n a t i o n  o f  t h e m :  
o v e r l a p  a n d  I  o r  e m e r g e n c e  o f  i n i t i a l  m i r c o - q u a r t z  c r y s t a l s  a n d  e n v e l o p m e n t  o f  
t h e s e  e a r l y  m u l t i p l e  o v e r g r o w t h s  b y  a n  o u t e r  s h e l l .  T h e y  a r e  m o r e  c o m m o n  a n d  
a b u n d a n t  i n  q u a r t z  - r i c h  s a n d s t o n e s  t h a n  i n  l i t h i c  - r i c h  s a n d s t o n e s .  T h e  s i l i c a  u s e d  
f o r  t h e  o v e r g r o w t h s  w a s  l a r g e l y  d e r i v e d  f r o m  p r e s s u r e  s o l u t i o n .  
2 6 )  P r e c i p i t a t i o n  o f  p o s t  q u a r t z  o v e r g r o w t h  i l l i t e  w a s  r e l a t e d  t o  t h e  b u i l d  u p  o f  
K +  i n  p o r e  w a t e r s .  H o w  a  h i g h  c o n c e n t r a t i o n  o f  K +  w a s  a c h i e v e d  i s  n o t  c l e a r .  
C e s s a t i o n  o f  i I I i t i s a t i o n  o f  s m e c t i t e  w a s  p r o b a b l y  a  m a i n  c o n t r i b u t i n g  f a c t o r  f o r  t h e  
b u i l d  u p .  
2 7 )  S t a b l e  i s o t o p e  d a t a  s u g g e s t  t h a t  d i a g e n e s i s  p r o c e e d e d  i n  t w o  d i f f e r e n t  
r e g i m e s :  e a r l y  d y n a m i c  f l u i d  f l o w  r e g i m e  a n d  l a t e  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e ,  
w h i c h  c o r r e s p o n d  t o  e a r l y  d i a g e n e s i s  a n d  l a t e  d i a g e n e s i s .  
2 8 )  T h e  e a r l y  d y n a m i c  f l u i d  f l o w  r e g i m e  w a s  c h a r a c t e r i s e d  b y  a  s l i g h t  i n c r e a s e  
o f  t h e  c a l c u l a t e d  1 )
1 8
0  o f  p o r e  w a t e r s  f r o m  t h e  e s t i m a t e d  i n i t i a l  v a l u e  o f  - 1 5  % 0 ,  
t y p i c a l  o f  T r i a s s i c  m e t e o r i c  w a t e r s ,  t o  - 1 2  % 0  w i t h  t e m p e r a t u r e  i n c r e a s i n g  f r o m  - 1 0  a  
t o  8 0  - 8 5  a c .  E a r l y  k a o l i n s  ( g e n e r a t i o n  I )  c r y s t a l l i s e d  i n  p o r e  w a t e r s  w i t h  a  1 )
1 8
0  
s i m i l a r  t o  t h a t  o f  o r i g i n a l  d e p o s i t i o n a l  w a t e r s  ( - 1 5  % 0 )  a t  a  t e m p e r a t u r e  o f  - 1 0  a  t o  
3 0
a
C .  P o r e  f i l l i n g  c a r b o n a t e s  w e r e  p r e c i p i t a t e d  i n  p o r e  w a t e r s  w i t h  a  1 )
1 8
0  o f  - 1 5  % 0  
t o  - 1 2  % 0  a t  a  t e m p e r a t u r e  o f  3 5  a  t o  8 0  - 8 5  a c .  
2 9 )  T h e  l a t e  s l o w  f l o w  I  s t a t i c  f l u i d  r e g i m e  w a s  c h a r a c t e r i s e d  b y  r a p i d  
1 8
0 _  
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e n r i c h m e n t  o f  p o r e  w a t e r s .  T h e  c a l c u l a t e d  0
1 8
0  o f  p o r e  w a t e r s  e n r i c h e d  f r o m  - 1 2  % 0  
t o  - 3  % .  w i t h  t h e  t e m p e r a t u r e  i n c r e a s i n g  f r o m  8 5  0  t o  1 1 0  - 1 3 5  ° C .  P o r e  f i l l i n g  
k a o l i n s  ( g e n e r a t i o n  1 1 )  c r y s t a l l i s e d  i n  p o r e  w a t e r s  w i t h  a  0
1 8
0  o f  - 1 2  ' Y o o  t o  - 6  % .  a t  a  
t e m p e r a t u r e  o f  8 5  o t o  1 1 0  - 1 3 5  ° C .  P r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s  o c c u r r e d  i n  
p o r e  w a t e r s  w i t h  a  0
1 8
0  o f  - 7  % 0  t o  - 3 . 5  % 0  a t  a  t e m p e r a t u r e  o f  1 1 0  - 1 3 5  ° C  a n d  t h a t  
o f  i I I i t e  i n  p o r e  w a t e r s  w i t h  a  0
1 8
0  o f  - 6  % 0  t o  - 3  % 0  i f  i t  f o r m e d  a t  s i m i l a r  t e m p e r a t u r e s  
a s  q u a r t z  o v e r g r o w t h s .  
3 0 )  D u r i n g  t h e  d i a g e n e t i c  h i s t o r y  f r o m  t h e  e a r l y  k a o l i n  ( g e n e r a t i o n  I )  t o  t h e  l a t e  
p o s t  q u a r t z  o v e r g r o w t h  i I I i t e ,  o D  o f  p o r e  w a t e r s  w a s  h a r d l y  m o d i f i e d  f r o m  t h e  
e s t i m a t e d  o r i g i n a l  v a l u e  o f  - 1 1 0  % 0 .  
3 1 )  M e a n s  o f  m e a s u r e d  h o m o g e n i s a t i o n  t e m p e r a t u r e s  o f  a q u e o u s  f l u i d  
i n c l u s i o n s  i n  q u a r t z  o v e r g r o w t h s  r a n g e  f r o m  9 5  0  t o  1 2 0  o C ,  w h i c h  a r e  4 5
0  
t o  6 0  ° C  
h i g h e r  t h a n  t h e  c u r r e n t  f o r m a t i o n  t e m p e r a t u r e s  a t  t h e  s a m p l e  d e p t h s  o f  5 0 0  - 6 0 0  
m .  T h e  h i g h  f l u i d  i n c l u s i o n  t e m p e r a t u r e s ,  t o g e t h e r  w i t h  v i t r i n i t e  r e f l e c t a n c e  d a t a ,  
i m p l y  t h a t  a  s e c t i o n  w i t h  a  t h i c k n e s s  o f  k a  1 6 0 0  t o  2 2 0 0  m  w a s  e r o d e d  a w a y  i n  t h e  
s o u t h e r n  b a s i n .  T h e  f o r m a t i o n  t e m p e r a t u r e s  o f  q u a r t z  o v e r g r o w t h s  w e r e  1 1 0  - 1 3 5  
° C .  T h e  p r o p o s e d  m o d e l  f o r  h e a t  f l o w  h i s t o r y  d e s c r i b e s  t h e  h e a t  f l o w  v a r i e d  w i t h  
t i m e  w i t h  i t s  p e a k  ( 2 . 1  H F U )  b e i n g  r e a c h e d  i n  l a t e  C r e t a c e o u s  t i m e  ( - 9 0  M a  B P ) ,  
w h i c h  w a s  c o i n c i d e n t  w i t h  t h e  y o u n g e s t  d a t e d  i I I i t e  a g e  o f  9 0 . 5  M a .  
3 2 )  C h e m i c a l  k i n e t i c  m o d e l l i n g  s u g g e s t s  t h a t  s i g n i f i c a n t  v o l u m e s  o f  o i l  w e r e  
g e n e r a t e d  ( - 4 0 0  b b l s / 1 0
4
m
3
)  i n ,  a n d  e x p e l l e d  f r o m ,  t h e  I l I a w a r r a  C o a l  M e a s u r e s .  
O i l  m i g r a t e d  t h r o u g h  t h e  s a n d s t o n e s  o f  S c a r b o r o u g h  a n d  L o w e r  B u l g o  O p e r a t i o n a l  
U n i t s  d u r i n g  a n d  p r o b a b l y  f o l l o w i n g  p r e c i p i t a t i o n  o f  q u a r t z  o v e r g r o w t h s ,  a s  
i n d i c a t e d  b y  t h e  p r e s e n c e  o f  f l u o r e s c i n g  l i q u i d  i n c l u s i o n s  w i t h i n  q u a r t z  o v e r g r o w t h s  
a n d  f r a c t u r e s .  O i l  m i g r a t i o n  p r o b a b l y  o c c u r r e d  a t  a  t i m e  o f  1 9 0  t o  1 7 0  M a  B P .  T h e r e  
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m a y  h a v e  b e e n  o i l  c o l u m n s  a t  t h a t  t i m e .  
3 3 )  T o  b e  h i g h  q u a l i t y  r e s e r v o i r s  ( p o r o s i t y >  1 5  %  a n d  p e r m e a b i l i t y >  5 0  m d ) ,  
s a n d s t o n e s  s h o u l d  h a v e  t h e  t h r e e  g e n e r a l  f e a t u r e s :  ( 1 )  a  h i g h  p e r c e n t a g e  o f  
d e t r i t a l  q u a r t z  c i a s t s ,  ( 2 )  m e d i u m  t o  c o a r s e  g r a i n  s i z e  ( b e t t e r  i f  m o d e r a t e l y  t o  w e l l  
s o r t e d ) ,  a n d  ( 3 )  q u a r t z  o v e r g r o w t h s  a n d  s i d e r i t e  a s  t h e  p r i n c i p a l  c e m e n t s .  Q u a r t z  -
r i c h  s a n d s t o n e s  w i t h  g r a i n  c o a t i n g  s i d e  r i t e  I  c a l c i t e  a r e  h i g h  q u a l i t y  r e s e r v o i r s  w i t h  
p o r o s i t y  r a n g i n g  f r o m  1 5 . 1  t o  1 8 . 3  %  a n d  p e r m e a b i l i t y  f r o m  1 0 4 . 1  t o  3 1 6 . 9  m d .  
T h e y  o c c u r  i n  t h e  L B  u n i t  a n d  t h e  u p p e r  p a r t  o f  t h e  s e  u n i t  i n  t h e  w e s t  m a r g i n  a n d  
t h e  w e s t e r n  p o r t i o n  o f  t h e  s o u t h e r n  r e g i o n .  
3 4 )  T h e  p o t e n t i a l  o f  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  a s  h y d r o c a r b o n  
r e s e r v o i r s  c a n  b e  s u m m a r i s e d  a s :  ( 1 )  I n  t e r m s  o f  s t r a t i g r a p h y ,  t h e  B H  u n i t  h a s  t h e  
h i g h e s t  p o t e n t i a l ,  w h i c h  i s  s u c c e e d e d  i n  o r d e r  b y  t h e  L B ,  U B ,  s e ,  a n d  W O  u n i t s ;  ( 2 )  
G e o g r a p h i c a l l y ,  t h e  w e s t  m a r g i n  h a s  t h e  h i g h e s t  p o t e n t i a l ,  w h i c h  s u c c e e d e d  i n  
o r d e r  b y  t h e  s o u t h e r n  r e g i o n ,  n o r t h e r n  r e g i o n ,  a n d  e a s t  c o a s t  z o n e .  
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X396.8 UB X 
X413.3 UB X X X 
X X 
X436.6 UB X X 
X X 
X458.9 LB X X 
X X 
X473.1 LB X X X X 
X X 
,X476.2 LB X X X 
X X 
iX489.0 LB X 
X 
IX490.9 LB X X X 
IX508.2 se X X X 
X X 
X525.8 se X X X X 
X 
X528.7 se X X X X X 
X 
X530.7 se X X 
X X 
X531.9 se X X X X X X X
 
X559.4 se X X X X
 
X588.5 se X X X X X 
X 
X612.9 WO X X X X 
X X ' 
X640.0 WO X X X X
 X 
X675.5 WO X X X X 
X X I 
Borehole Y 
, 
Y377.5 BH X X X X 
X X . 
Y397.6 UB X X X X 
X X 
Y429.0 UB X X X X 
X X 
Y468.5 UB X X X 
X X 
Y486.5 LB X X X X 
X X 
Y501.8 LB X X 
X X 
Y515.3 LB X X X 
X X 
Y549.1 LB X X X X 
X X 
Y566.1 LB X X X X X 
X 
Y593.9 se X X X X X X X 
Y624.7 se X X X X X 
YS42.2 se X X X X X X 
Y672.9 WO X X X X X
 
Y690.1 WO X X X X X X
 
Y727.4 WO X X X X X 
Y757.9 WO X X X X X X X 
Borehole Z 
Z378.2 BH X X 
Z399.0 UB X X 
Z402.9 UB X X X X 
Z422.S UB X X X X X X 
Z444.2 UB X X X X 
Z499.0 UB X X X X X X 
Z512.4 UB X X X X X X X 
Z531.9 LB X X X X X X 
Z593.0 se X X X X X X 
ZSll.3 se X X X X X 
Z632.7 se X x x x x X 
Z65S.8 se X X X X X 
ZS79.4 WO X X 
-
X X X X 
3 6 2  
S N  
O U  T / s  Q E  S I E  X R D  P R O B  I S O  F / I  P O  P E R  
Z l O O . 2  
W O  X  
X  
X  X  
Z l 0 3 . 3  W O  X  
X  
X  X  X  X  
Z l 4 0 . 4  W O  X  
X  X  X  X  
Z l 6 2 . 5  W O  
X  
X  
X  
Z l 6 3 . 8  W O  X  
X  X  X  X  X  X  
N O T E :  
S N  =  s a m p l e  n u m b e r .  O U  =  o p e r a t i o n a l  u n i t  T I S  =  t h i n  s e c t i o n  e x a m i n a t i o l t .  
Q E  - q u a n t i t a t i v e  e v a l u a t i o n  ( p o i n t  c o u n t i n g ) .  S J i :  =  S E M l E D X  a n a y l y s e s .  i  
P R O B  - m i c r o p r o b e  a n a l y s e s .  I S O  =  i s o t o p e  a n a l y s e s .  F / I  =  f l u i d  inclusio~ i n v e s t i g a t i o n .  
X R D  =  X - r a y  d i f f r a c t i o n  s t u d i e s .  P O  =  p o r o s i t y  i m e a s u r e m e n t .  P E R  =  p e r n ! l e a b i l i t y  m e a s u r e m e n t  
!  I  I  I  I  
B H  =  B a l d  H i l l .  U B  =  U p p e r  B u l g o .  L B  =  L o w e r  a u l g o .  
s e  =  S c a r b o r o u g h .  W O  =  W o m b a r r a  O p e r a t i o n . , )  U n i t .  
- -
. _ -
3 6 3  
A P P E N D I X  1 1  G r a i n  - s i z e  s c a l e  f o r  c l a s t i c  s e d i m e n t s  ( a f t e r  W e n t w o r t h ,  1 9 2 2 ) .  
N a m e  
M i l l i m e t r e  
M i c r o m e t e r  
o  
G r a v e l  B o u l d e r  
2 5 6 . 0 0 0  
- - - - - - - - - - - - - - - - 8  
C o b b l e  
6 4 . 0 0 0  
- - - - - - - - - - - - - - - - 6  
P e b b l e  
4 . 0 0 0  
- - - - - - - - - - - - - - - - 2  
G r a n u l e  
- - - - - - - - - - - - - - - - - - - 2 . 0 0 0  - - - - - - - - - -
- - - - - - - - - - - 1  
S a n d  V e r y  c o a r s e  s a n d  
1  . 0 0 0  - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - 0  
C o a r s e  s a n d  
0 . 5 0 0  - - - - - - - - - - - - - - - 5 0 0  - - - - - - - - - - - - - - - 1  
M e d i u m  s a n d  
0 . 2 5 0  - - - - - - - - - - - - - - - 2 5 0  - - - - - - - - - - - - - - - 2  
F i n e  s a n d  
0 . 1 2 5  - - - - - - - - - - - - - - - 1  2 5  - - - - - - - - - - - - - - - 3  
V e r y  f i n e  s a n e  
- - - - - - - - - - - - - - - - - - - - - - - 0 . 0 6 2  
- - - - - - - - - -
6 2  
- - - - - - - - - -
4  
M u d  C o a r s e  s i l t  
0 . 0 3 1  
- - - - - - - - - - - - - - -
3 1  
- - - - - - - - - - - - - - -
5  
M e d i u m  s i l t  
0 . 0 1 6  
- - - - - - - - - - - - - - -
1 6  
- - - - - - - - - - - - - - - 6  
F i n e  s i l t  
0 . 0 0 8  - - - - - - - - - - - - - - - 8  - - - - - - - - - - - - - - - 7  
V e r y  f i n e  s i l t  
0 . 0 0 4  
4  - - - - - - - - - - - - - - - 8  
C l a y  
APPENDIX III • POINT COUNTING RESULTS 
SN OU SO GS OM ClP KF PL IR tvfl SR CH MI OX HM 
Borehole A 
Al46.5 UB. W. 0.20 48.4 3.4 0.0 0.0 19.6 0.0 0.8 1.0 02 0.0 0.4 
Al63.1 UB. M. 0.25 53.0 1.8 1.0 0.0 17.8 0.0 0.2 5.6 0.0 02 0.0 
Al84.3 UB. W. 0.20 51.8 3.6 0.4 0.0 18.2 0.0 0.0 2.8 0.0 02 0.0 
A198.3 UB. W. 0.25 492 4.6 0.0 0.0 19.0 0.0 12 3.8 0.2 0.0 0.6 
A211.4 LB. M. 0.35 46.4 4.4 0.8 0.0 18.6 0.0 0.4 4.2 0.0 0.0 02 
A225.8 LB. P. 025 57.0 5.8 0.2 0.0 14.6 0.0 0.0 0.6 0.6 0.0 0.0 
A247.1 SC. VP. 1.80 34.0 13.6 Q.4 0.0 11.8 0.0 0.0 13.4 0.0 0.0 0.0 
A260.8 SC. M. 0.35 25.6 7.6 3.2 1.0 29.8 0.0 0.0 8.6 0.0 0.0 0.0 
A295.6 sc. M. 0.20 12.8 6.8 0.8 1.6 44.4 0.0 0.0 12.6 0.0 12 0.0 
A313.5 sc. P. 0.40 27.6 5.2 3.2 1.4 27.0 0.0 0.0 72 0.4 0.0 0.0 
A326.8 sc. VP. 0.20 20.2 5.2 3.4 0.2 32.2 0.0 0.0 5.4 0.4 0.2 0.0 
Borehole B 
B124.0 UB. M. 0.15 40.0 5.2 2.6 0.0 18.4 0.0 0.0 4.6 0.8 02 0.4 
B151.7 UB. M. 0.25 42.0 5.0 1.4 0.0 19.0 0.0 0.0 6.0 0.2 0.2 0.0 
B161.0 UB. M. 0.20 30.6 4.6 3.8 0.4 21.2 0.0 0.0 7.4 0.0 0.6 0.0 
B175.5 UB. M. 0.25 27.2 3.6 4.8 0.2 29.6 0.4 0.0 7.4 0.2 0.2 0.2 
B2OO.1 UB. P. 0.20 21.4 4.8 3.8 0.4 38.0 0.4 0.0 8.6 0.6 0.4 02 
8234.7 LB. W. 0.25 39.6 3.2 2.4 0.2 21.8 0.2 0.0 3.6 0.8 0.0 0.0 
B239.9 LB. M. 0.25 37.4 5.2 4.0 0.2 24.0 0.0 0.2 3.2 0.2 0.0 0.0 
B259.2 LB. P. 0.38 25.2 5.6 2.0 0.2 37.8 0.2 0.4 5.8 0.0 0.0 0.0 
8277.9 LB. P. 0.28 28.4 7.4 3.6 0.6 29.8 0.2 0.0 7.2 0.0 0.4 0.0 
8338.0 sc. P. 0.43 6.2 1.8 3.4 1.0 40.0 0.0 0.8 15.8 0.0 0.4 0.0 
8361.6 WO. W. 0.25 12.4 2.4 2.2 0.8 39.4 0.0 0.0 15.2 02 0.0 0.0 
8394.4 WO. W. 0.15 11.2 2.8 2.4 0.6 26.2 0.4 0.0 13.2 0.0 1.0 0.0 
8406.2 WO. W. 0.40 4.2 2.8 2.4 0.6 45.0 0.0 0.0 16.8 0.0 0.0 0.0 
Borehole C 
C066.0 UB. P. 0.25 37.8 5.2 1.4 0.2 20.8 0.0 0.0 7.2 0.0 0.8 0.0 
C061.1 LB. M. 0.25 41.0 4.4 1.2 0.0 24.0 0.4 0.0 4.4 0.0 0.4 0.0 
CC CA ao 
62 0.8 0.8 
5.8 02 0.0 
2.4 0.0 0.0 
5.4 0.6 0.0 
3.8 0.8 0.0 
2.6 0.6 0.0 
12 1.6 0.0 
4.0 22 0.0 
13.2 1.6 0.0 
92 1.8 0.0 
8.6 1.4 0.0 
6.0 0.8 0.0 
10.8 1.2 0.0 
3.6 0.8 0.0 
2.2 2.4 0.0 
0.0 2.0 0.0 
9.2 1.4 3.2' 
2.4 0.4 0.0 
1.4 1.8 0.0 
0.8 0.0 0.0 
0.0 2.6 0.0 
0.4 0.8 0.0 
6.0 6.8 0.0 
0.2 1.8 0.0 
1.8 1.2 0.0 
32 32 2.4 
CL V0 
12.4 4.8 
9.0 5.0 
13.6 6.6 
11.4 3.6 
12.6 6.2 
11.0 5.6 
12.2 5.4 
13.2 3.0 
1.6 2.4 
8.6 6.0 
18.2 3.8 
13.4 7.4 
6.0 4.0 
14.8 9.6 
16.8 4.6 
14.6 4.2 
10.2 3.4 
17.6 5.2 
14.8 2.6 
14.2 5.2 
19.4 6.8 
19.2 6.0 
25.6 3.6 
18.2 6.2 
12.4 8.4 
8.0 4.2 
50 
1.2 
0.4 
0.4 
0.4 
1.6 
1.4 
1.4 
1.8 
1.0 
2.4 
0.8 I 
02
1 
4.2 
2.6 
02 
0.6 
0.8 
0.0 
2.2 
1.0 
1.8 
1.0 
02 
1.8 
2.8 
32 
.~----. 
w 
0) 
..,. 
SN OU so GS OM QP KF PL IR MA 
C089.4 LB. P. 1.00 46.4 6.8 0.6 0.0 17.2 0.0 
C101.6 LB. M. 0.35 28.2 5.8 1.8 0.0 24.8 0.0 
C119.9 LB. P. 025 132 8.8 1.0 0.4 39.6 0.8 
C132.6 SC. W. 025 16.2 7.2 2.4 1.0 34.0 0.8 
C191.5 SC. M. 0.35 12.6 4.2 4.6 0.0 38.0 0.0 
C215.8 WO. W. 0.35 10.8 7.6 2.2 0.0 45.8 0.0 
C259.6 WO. M. 0.25 16.2 5.2 30.0 2.4 0.4 0.4 
0047.1 SC. M. 0.15 16.4 5.2 5.4 2.0 27.4 12 
0053.9 sc. M. 0.28 39.6 5.6 4.2 3.0 15.2 0.0 
0078.4 sc. M. 0.25 42.6 2.6 7.0 2.2 17.8 0.0 
0102.5 sc. W. 028 39.6 3.4 5.2 2.4 20.8 0.4 
01172 sc. VP. 0.30 39.6 1.8 4.6 2.0 13.8 0.2 
0145.3 sc. W. 0.50 39.2 3.6 1.8 1.4 15.8 0.0 
0164.9 sc. P. 0.35 33.8 4.0 3.2 2.0 22.2 0.0 
0236.0 WO. M. 0.35 11.6 4.6 1.0 0.2 49.2 1.0 
0257.5 WO. M. 0.30 30.4 5.8 1.4 0.4 36.2 1.4 
0295.9 WO. M. 0.20 37.4 3.0 3.0 0.8 25.4 0.0 
E118.5 sc. M. 0.25 23.4 5.0 3.6 1.4 38.2 0.2 
E128.0 sc. W. 0.30 44.6 5.4 4.2 2.0 25.6 0.0 
E142.6 sc. M. 0.23 41.2 3.4 4.0 2.6 21.8 0.4 
E155.3 sc. M. 0.20 23.0 4.0 5.2 1.6 32.8 0.8 
E185.9 sc. M. 0.40 38.4 4.0 1.6 1.6 24.4 0.0 
E212.3 sc. P. 0.45 28.8 4.8 3.4 1.2 35.2 0.4 
I E243.6 sc. M. 0.40 40.2 3.8 1.0 1.6 28.6 0.0 
E254.9 WO. P. 0.50 30.2 2.6 3.8 2.4 32.8 0.2 
E268.9 WO. M. 0.35 5.6 4.8 1.4 0.4 44.4 1.4 
SR CH MI OX HM 
1.0 5.6 0.0 0.0 0.0 
0.4 5.8 0.0 0.0 0.0 
0.8 8.6 0.4 0.0 0.0 
0.0 82 0.0 0.0 0.0 
0.0 16.4 0.0 0.0 0.0 
0.0 10.0 0.0 0.0 0.0 
0.4 9.8 0.2 0.0 0.0 
8o,shols 0 
0.0 3.8 0.0 0.6 0.0 
0.0 1.8 0.0 0.0 0.0 
0.0 1.0 0.0 0.0 0.0 
0.0 0.4 0.0 0.8 0.0 
0.2 3.6 0.0 0.2 0.0 
0.0 0.8 0.0 0.0 0.0 
0.0 1.0 0.0 0.4 0.0 
0.0 9.2 0.0 0.6 0.0 
0.0 2.8 0.0 0.2 0.0 
0.0 1.0 0.0 0.0 0.0 
8o,shoie E 
0.0 3.6 0.2 0.2 0.0 
0.0 0.6 0.0 02 0.0 
0.0 0.8 0.0 0.0 0.0 
0.0 3.2 0.4 0.0 0.0 
0.0 6.8 0.0 0.0 0.0 
0.6 4.6 0.0 02 0.0 
0.0 2.0 0.0 02 0.0 
0.0 1.4 0.0 02 0.0 
0.0 10.8 0.0 0.0 0.0 
CC CA ao 
02 1.6 0.0 
14.4 52 0.0 
0.0 0.4 0.0 
0.6 0.0 8.8' 
2.0 2.2 0.0 
2.4 2.0 0.0 
6.0 6.4 0.0 
10.6 0.6 0.0 
7.0 0.2 0.0 
2.6 0.2 0.4 
5.8 1.0 0.4 
4.2 0.6 0.4 
17.0 3.6 0.2 
7.8 2.8 0.4 
4.2 0.4 0.0 
1.8 0.6 0.0 
7.6 1.0 02 
5.2 0.2 0.0 
1.6 0.0 1.2 
2.8 02 0.6 
12 0.0 0.0 
3.6 0.6 0.6 
1.0 1.0 0.0 
5.8 1.4 0.4 
3.6 0.8 02 
11.0 1.0 0.0 
CL V0 50 
14.8 3.8 2.0 
10.2 1.0 2.4 
22.8 2.4 0.8 
15.6 4.6 0.6 
13.8 4.6 1.6 
13.2 3.8 2.2 
14.6 5.0 3.0 
24.2 2.4 02 
15.4 6.8 1.2 
16.6 7.0 0.0 
11.6 8.0 02 
17.4 10.2 1.2 
8.2 7.2 12 
13.8 8.0 0.6, 
12.8 5.2 0.0 
12.6 62 021 
15.8 4.8 0.0 
14.4 3.6 0.8 
8.4 6.0 02 
14.6 7.4 02 
22.8 4.6 0.4 
10.8 72 0.4 
16.0 2.4 0.4 
9.6 4.4 1.0 
15.8 52 0.8 
12.8 5.6 0.8 
w 
(j) 
()1 
SN OU so GS OM QP KF PL Ft 
E282.8 WO. M. 0.40 22.2 4.4 2.4 1.2 40.2 
E312.5 WO. M. 0.35 16.2 4.4 2.2 0.6 39.8 
E325.0 WO. P. 0.40 34.0 4.4 2.4 1.4 29.0 
E344.1 WO. P. 0.35 35.0 4.6 3.6 2.2 29.6 
E363.6 WO. P. 0.30 58.0 3.4 1.8 1.2 11.8 
F066.5 BH. M. 0.30 38.2 6.2 2.2 0.4 19.2 
FOGG.4 BH. VP. 0.35 52.0 5.6 0.6 0.0 11.2 
F113.9 UB. M. 0.18 31.4 3.0 1.4 0.2 25.4 
F158.3 UB. VP. 0.30 40.6 2.8 0.6 0.0 21.4 
F179.4 UB. W. 0.30 61.4 4.4 0.8 0.4 13.4 
F194.0 UB. W. 0.35 46.8 5.2 0.0 0.0 26.8 
F238.7 UB. M. 0.23 34.2 6.0 1.2 0.2 29.2 
F259.3 UB. M. 0.28 23.6 3.2 0.4 0.0 30.8 
F286.9 LB. M. 0.18 32.8 3.4 2.4 0.4 28.0 
F311.1 LB. M. 0.15 23.8 2.8 5.0 0.4 25.0 
F349.3 LB. M. 0.25 29.0 3.6 2.8 0.8 36.4 
F379.3 LB. M. 0.28 30.2 2.8 5.0 0.4 32.6 
F396.5 LB. M. 0.30 29.6 6.2 2.6 0.6 28.6 
F423.4 se. M. 0.60 21.2 8.0 1.2 0.8 40.0 
F437.8 se M. 0.18 19.8 3.6 3.2 0.8 35.6 
F470.4 se. M. 0.45 31.8 3.8 0.6 0.0 36.8 
F491.5 se. P. 0.28 37.2 3.2 0.6 0.0 23.6 
F525.8 se. P. 0.40 19.4 2.2 1.8 0.8 27.8 
F563.0 se. M. 0.35 27.4 2.8 0.4 0.2 32.2 
F586.2 WO. P. 0.40 7.6 3.6 0.6 0.0 53.4 
F616.7 WO. P. 0.20 35.2 3.0 2.2 0.2 21.4 
F649.2 WO. M. 0.40 29.2 2.8 0.2 0.6 29.2 
F687.3 WO. P. 0.30 35.2 3.8 1.4 0.2 30.0 
~-
MA SA CH MI OX HM 
0.8 02 3.8 0.0 0.0 0.0 
0.6 0.0 9.8 0.0 0.0 0.0 
0.4 0.0 2.8 0.0 0.0 0.0 
0.0 0.0 0.6 0.0 0.0 0.0 
0.0 0.0 0.6 0.0 0.0 0.0 
Borehole F 
0.2 0.0 4.6 0.0 0.0 0.0 
0.4 0.0 0.2 0.0 0.0 0.2 
0.4 0.0 3.6 0.0 0.4 0.0 
0.4 0.4 2.6 0.0 02 0.2 
0.4 0.0 0.6 0.0 0.0 0.2 
0.0 0.0 2.8 0.0 0.0 0.0 
0.0 0.0 6.6 0.0 0.0 0.0 
0.6 02 7.8 0.0 0.0 02 
0.0 0.0 5.4 2.0 0.0 0.0 
0.4 0.0 2.0 02 0.2 0.0 
0.2 0.0 5.0 0.0 0.2 0.0 
0.0 0.0 3.2 0.0 0.0 0.0 
0.6 0.0 5.6 0.0 0.0 02 
0.0 0.0 5.4 0.0 0.0 0.0 
0.8 0.0 2.0 0.0 0.2 0.0 
0.2 0.4 3.4 0.0 0.0 0.0 
1.0 0.0 2.0 0.2 0.2 0.0 
0.6 0.0 2.0 0.4 0.8 0.0 
0.0 0.2 2.6 0.0 0.0 0.0 
1.4 0.2 7.4 0.0 0.2 0.0 
0.0 0.0 2.4 0.0 0.0 0.0 
0.0 0.0 4.8 0.0 0.0 0.0 
0.0 0.0 1.0 0.0 0.0 0.0 
CC CR QC 
2.4 0.4 0.0 
2.0 0.0 0.0 
3.2 0.0 0.0 
2.0 0.4 0.6 
1.4 0.0 0.4 
3.8 0.6 0.0 
5.0 0.0 0.0 
12.8 1.8 0.0 
8.2 0.0 0.0 
1.0 0.0 0.0 
0.6 0.0 0.0 
4.6 0.0 0.0 
17.6 0.4 0.0 
9.0 0.4 0.0 
25.4 0.8 0.0 
62 02 0.0 
6.4 0.0 0.0 
6.8 0.0 0.0 
6.4 0.0 0.0 
9.8 0.0 0.0 
4.4 0.0 0.0 
7.8 0.0 0.0 
27.4 32 0.0 
2.8 0.0 0.0 
5.0 0.4 0.0 
6.4 0.4 0.0 
15.6 1.0 0.0 
2.4 0.2 0.0 
CL V0 50 
12.0 9.2 0.8 
17.4 7.0 02 
17.4 4.0 0.0 
16.2 5.0 0.2 
8.2 13.0 0.2 
21.6 2.2 0.8 
19.0 4.4 1.4 
15.6 3.2 0.8 
16.8 52 0.6 
11.2 5.8 0.8 
8.4 9.2 0.2 
14.0 3.6 0.4 
82 5.4 1.4 
16.4 1.6 0.2 
10.4 3.0 0.6 
12.8 2.2 0.6 
15.6 3.4 0.4 
15.2 3.0 1.0 
12.4 4.0 0.6 
20.8 2.6 0.8 
13.0 5.2 0.4 
19.0 4.4 0.8 
10.2 2.6 0.8 
21.8 8.6 1.0 
19.0 0.8 0.4 
24.6 4.0 0.2 
9.2 6.4 1.0 
19.0 5.2 1.6 
w 
'" 
'" 
SN OU so GS OM Of' KF Pl. lA MA SR CH 
F734.9 WO. M. 0.20 35.6 4.0 1.2 0.4 15.6 0.0 0.0 0.2 
F751.7 WO. M. 0.35 20.8 2.4 1.8 1.2 39.8 02 0.0 1.0 
Borehole G 
G540.4 WO. w. 028 12.0 5.0 1.0 0.4 SO.8 12 0.0 7.8 
G553.8 WO. w. 0.30 23.0 5.6 0.8 0.6 37.0 0.6 0.0 4.8 
G577.7 WO. M. 0.45 28.4 6.6 0.2 0.2 32.4 12 0.0 5.0 
Borehole H 
H319.0 UB. M. 0.40 44.4 6.2 0.0 0.2 21.6 0.0 0.0 6.0 
H342.5 LB. M. 0.30 36.0 4.6 0.6 0.0 27.0 0.0 0.0 2.6 
H360.6 LB. M. 0.13 40.8 1.8 0.8 0.0 21.4 0.0 0.0 1.4 
H397.6 LB. M. 1.20 38.6 8.0 0.0 0.0 25.4 0.0 0.0 4.4 
H419.7 LB. M. 0.65 532 5.4 0.4 0.0 14.0 0.0 0.4 2.6 
H436.1 se. M. 0.25 41.8 4.8 0.0 0.0 22.2 0.0 0.0 2.8 
H454.9 se. M. 0.25 47.8 3.4 0.6 0.0 21.0 0.0 0.2 2.4 
H470.0 se. M. 0.25 27.0 4.4 1.2 0.2 27.2 0.0 0.0 4.2 
H504.7 se. M. 0.15 16.2 5.6 1.8 0.6 31.4 02 0.0 5.4 
H516.2 se. M. 0.50 25.4 4.4 0.2 1.0 35.2 0.4 0.0 3.8 
H535.1 se. VP. 0.40 16.6 3.2 1.4 1.2 40.6 0.0 0.0 6.6 
H568.7 se. M. 0.28 10.0 3.4 2.0 1.6 45.0 0.4 0.0 8.4 
H597.9 wo. w. 0.25 36.0 3.0 3.4 3.4 24.8 02 0.0 2.4 
H625.4 wo. P. 0.35 24.6 3.6 3.0 2.2 35.0 0.0 0.0 2.8 
H667.2 WO. P. 0.40 22.4 3.8 2.6 0.8 36.4 0.6 0.4 3.0 
H681.2 WO. w. 0.25 20.0 3.0 4.0 1.8 33.0 0.0 0.0 1.2 
H691.5 wo. P. 0.20 14.6 1.8 3.0 1.8 32.2 0.8 0.0 3.0 
Borehole I 
1320.1 BH. w. 0.20 34.0 2.0 2.6 1.2 20.2 0.2 0.0 1.6 
1356.0 BH. w. 0.30 51.0 3.2 0.6 0.8 17.0 0.0 0.0 1.2 
1378.5 UB. w. 0.30 49.4 2.6 0.2 0.0 18.6 0.0 0.0 1.6 
1382.9 UB. M. 0.30 43.0 3.8 0.2 0.2 23.2 0.0 0.0 2.0 
MI OX HM CC CA 
0.0 0.0 0.0 26.8 3.6 
0.0 0.0 0.0 17.2 2.0 
0.0 0.0 0.0 42 0.4 
0.0 0.0 0.0 6.6 0.4 
0.0 0.0 0.0 5.4 02 
0.0 0.0 0.0 2.4 02 
0.2 0.0 0.0 7.2 0.4 
0.2 0.0 0.0 5.8 02 
0.0 0.0 0.0 5.6 02 
0.0 0.0 0.0 3.2 0.4 
0.0 0.0 0.0 5.2 0.2 
0.0 0.0 0.0 3.0 0.0 
02 0.0 0.0 7.6 0.0 
0.2 0.0 0.0 8.2 1.0 
0.0 0.0 0.0 4.6 1.0 
0.0 0.0 0.0 9.8 1.2 
0.0 0.2 0.0 7.4 1.0 
0.4 0.0 0.0 6.2 0.0 
0.0 0.2 0.0 3.2 1.2 
0.4 0.4 0.0 3.4 1.4 
0.0 0.2 0.0 27.4 2.6 
0.4 0.0 0.0 6.4 8.6 
0.2 0.2 0.0 14.6 0.4 
02 0.0 0.0 5.6 0.6 
0.8 0.0 0.0 5.2 0.0 
0.4 0.4 0.0 2.2 0.0 
QC) 
0.0 
0.0 
0.4 
02 
0.0 
1.4 
1.2 
0.2 
02 
2.2 
0.8 
0.6 
0.4 
0.0 
0.0 
0.2 
0.0 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.0 
0.6 
0.8 
Cl V0 50 
7.4 42 1.0 
9.8 2.8 1.0 
10.4 6.0 0.4 
13.6 62 0.6 
15.0 4.8 0.6 
9.0 8.0 0.6 
13.2 5.8 12 
23.4 2.6 1.4 
82 9.4 0.0 
7.8 10.0 0.4 
16.2 5.4 0.6 
14.8 6.0 0.2 
19.8 6.8 1.0 
27.2 2.0 02 
14.6 8.4 1.0 
12.8 6.2 02 
18.0 22 0.4 
16.4 2.6 0.2 
18.2 5.8 0.2 
19.0 4.6 0.8 
6.0 0.6 02 
23.2 4.0 0.2 
17.0 2.6 3.2 
9.4 6.2 2.2 
14.2 5.6 12 
13.8 8.4 1.6 
w 
en 
-...J 
SN OU so GS OM QP KF PL lA 
1402.1 UB. W. 0.25 37.0 8.8 1.6 1.2 26.4 
1437.4 UB. W. 0.20 32.0 4.6 4.6 1.0 18.8 
1465.6 UB. W. 0.18 27.4 2.8 4.6 1.4 19.8 
1481.7 UB. M 0.25 20.4 5.0 5.6 a8 34.2 
1543.4 LB. W. 0.25 21.4 6.2 3.2 1.0 35.8 
1564.1 LB. M. 0.15 23.2 3.8 5.8 2.2 25.2 
1572.0 LB. M. 0.25 29.6 6.6 4.6 1.4 27.0 
1596.6 LB. W. 0.25 30.0 4.2 4.8 4.4 28.4 
1610.7 LB. W. 0.15 24.0 5.8 5.2 1.8 28.6 
1629.3 SC. M. 0.35 45.6 3.8 1.0 1.8 20.6 
1635.9 SC. W. 0.23 42.0 2.6 3.8 1.8 17.4 
1698.2 SC. M. 0.30 35.2 1.6 4.8 2.4 34.0 
1732.0 SC. P. 0.28 23.0 4.0 4.6 1.6 41.0 
1769.6 WO. W. 0.35 6.0 4.0 0.6 0.6 52.0 
1781.5 WO. P. 0.40 31.4 2.2 2.8 0.8 31.4 
1806.9 WO. M. 0.30 8.6 5.6 3.0 1.0 49.0 
1830.4 WO. M. 0.40 34.0 3.8 2.4 3.4 28.2 
1879.9 WO. W. 0.18 9.8 1.4 4.0 1.2 45.8 
1884.4 WO. W. 0.20 14.6 5.0 1.4 0.2 55.4 
1902.6 WO. P. 0.20 29.8 3.8 3.6 2.0 23.4 
J470.1 SC. P. 0.40 34.6 9.8 2.8 0.6 25.6 
J481.6 se. M. 0.50 28.0 6.6 4.4 0.4 30.2 
J501.2 se. M. 0.35 16.8 2.2 6.6 0.6 22.8 
J514.8 se. W. 0.35 22.4 6.0 6.4 0.0 29.2 
J545.2 se. M. 0.20 10.2 4.0 4.6 1.6 40.4 
J570.1 se. M. 0.20 2.4 1.8 2.6 0.4 55.8 
J585.4 se. M. 0.23 11.2 4.6 3.8 1.2 40.2 
J599.9 WO. M. 0.25 9.4 3.2 2.0 0.6 38.8 
---
t.fl SA CH MI OX 
0.0 0.0 2.2 02 0.0 
0.0 0.0 12 0.0 0.4 
0.4 0.0 2.4 0.0 0.6 
0.0 0.0 32 0.2 0.0 
02 0.0 2.6 0.0 0.0 
0.0 0.0 2.4 0.0 0.6 
0.0 0.0 2.2 0.0 0.0 
0.0 0.0 1.2 0.0 0.0 
0.0 0.0 4.4 0.2 0.2 
0.0 0.0 2.2 0.0 0.0 
02 0.0 1.2 0.4 0.2 
0.0 0.0 1.6 0.0 0.0 
0.0 0.0 1.8 0.0 0.0 
0.4 0.0 15.2 0.0 0.0 
0.0 0.0 4.4 0.0 0.0 
02 0.0 6.0 0.2 0.0 
0.0 0.4 1.6 0.0 0.0 
0.4 0.0 3.2 02 0.0 
0.0 0.0 2.4 0.0 0.0 
0.0 0.0 0.8 0.0 0.0 
Borehole J 
0.4 0.4 6.4 0.2 0.0 
0.0 0.0 10.4 0.0 0.0 
0.8 02 17.0 02 0.0 
0.0 0.0 6.8 02 02 
0.4 0.0 9.8 0.0 0.6 
1.0 0.0 22 0.4 3.6 
02 0.0 14.8 0.0 0.0 
0.6 0.0 8.8 0.0 0.0 
HM CC a:! 
0.0 52 0.8 
0.0 22.2 1.2 
0.0 32.6 3.4 
0.0 3.4 0.0 
0.0 2.6 1.0 
0.0 8.6 0.4 
0.0 6.4 1.0 
0.0 1.8 02 
0.0 9.4 1.4 
0.0 3.4 0.2 
0.0 2.4 0.0 
0.0 02 0.2 
0.0 0.4 0.4 
0.0 1.6 0.2 
0.0 4.8 0.4 
0.0 0.4 0.2 
0.0 2.4 0.4 
0.0 13.0 2.0 
0.0 0.8 0.0 
0.0 12.0 0.6 
0.0 0.0 0.4 
0.0 2.8 3.0 
0.0 3.0 4.0 
0.0 32 3.6 
0.0 0.4 2.8 
0.0 0.0 12 
0.0 3.8 1.8 
0.0 16.6 1.8 
QC) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0 
0.0 
0.0 
0.8 
2.0 
0.8 
02 
0.0 
1.0 
0.0 
0.6 
0.0 
0.0 
02 
8.8· 
0.0 
0.4 
0.6 
0.0 
0.4 
0.0 
0.0 
Cl V0 50 
9.6 5.8 1.2 
7.4 4.0 2.6 
3.4 0.8 0.4 
12.4 10.4 1.4 
13.2 9.4 3.4 
17.6 8.8 1.4 
9.2 9.6 1.4 
16.0 8.0 1.0 
11.0 6.6 1.4 
8.8 92 2.6 
13.8 10.0 1.8 
7.2 9.8 2.2 
13.0 8.8 1.2 
9.4 8.2 1.8 
11.8 7.2 1.8 
18.6 6.8 0.4 
13.8 72 1.8 
13.8 4.0 1.2 
13.4 5.4 1.4 
19.0 4.6 02 
12.4 5.2 12 
9.6 22 1.4 
18.0 5.8 2.0 
7.4 4.0 1.8 
20.0 5.6 02 
23.8 4.4 0.0 
11.8 5.0 1.0 
14.6 2.6 1.0 
Ul 
er> 
ex> 
SN OU so GS OM QP KF PL lA 
J620.8 WO. P. 0.23 10.0 3.6 2.4 1.4 41.2 
J650.3 WO. W. 0.25 3.4 0.6 0.8 0.0 35.8 
J672.3 WO. P. 0.15 13.0 1.4 1.6 0.2 25.2 
K03O.7 WO. P. 1.50 3.4 2.2 0.0 0.0 64.0 
K057.3 WO. P. 1.40 3.4 1.6 0.2 0.4 56.2 
K073.4 WO. M. 0.35 3.6 1.4 0.2 0.0 56.2 
L346.2 UB. M. 0.30 57.4 3.8 0.0 0.8 16.0 
L355.3 UB. M. 0.20 24.6 3.6 2.6 6.0 23.8 
L361.8 UB. W. 0.25 53.8 4.8 0.0 0.8 18.2 
L386.0 UB. M. 0.25 47.8 3.6 0.2 1.0 16.8 
L406.8 UB. M. 0.20 46.6 4.8 0.0 0.6 14.8 
L415.3 UB. M. 0.25 58.8 5.0 0.0 1.2 13.0 
L434.7 UB. W. 0.25 47.4 4.8 0.0 2.2 18.6 
L452.1 LB. M. 0.35 57.6 5.4 1.8 0.2 13.4 
L506.7 LB. M. 0.40 51.0 4.2 1.2 0.2 13.6 
L518.3 LB. M 0.50 39.0 6.4 4.2 0.8 24.6 
L532.9 se. M 0.25 27.4 5.4 2.6 1.0 27.8 
l547.6 se. M. 0.60 59.0 6.4 0.2 0.0 16.2 
L571.0 se. M 0.65 24.2 4.2 4.6 3.4 18.4 
L579.2 se. W. 0.25 13.8 4.6 10.0 5.0 30.6 
L595.2 se. P. 0.50 15.8 5.0 6.4 1.4 18.4 
L604.3 se. M. 0.30 10.8 5.0 6.4 4.8 29.0 
L621.0 se. M. 0.25 10.4 4.6 5.4 3.0 34.2 
L638.9 se. M. 0.40 7.2 4.0 4.8 2.0 41.0 
L644.7 se. M. 0.25 11.2 3.4 4.8 1.8 34.4 
L653.5 se. W. 0.20 8.2 3.2 4.4 1.0 37.6 
L681.8 WO. P. 0.50 36.6 10.2 1.2 0.0 22.4 
--
MR SR CH MI OX 
0.0 0.0 13.8 0.0 0.0 
0.0 0.0 2.2 0.0 0.0 
0.0 0.0 5.8 0.0 0.0 
Borehole K 
0.4 6.4 4.8 0.0 0.0 
2.2 1.0 10.8 0.0 0.0 
0.6 0.4 3.2 0.0 0.0 
Borehole L 
0.2 0.0 3.8 0.0 0.0 
0.0 0.0 3.8 0.0 0.6 
0.0 0.0 1.4 0.0 0.2 
0.0 0.0 2.8 0.2 0.0 
0.0 0.0 2.2 0.2 0.8 
0.0 0.0 1.4 0.0 0.2 
0.6 0.0 2.6 0.0 0.0 
0.0 0.0 2.2 0.0 0.0 
0.2 0.0 3.4 0.0 0.0 
0.0 0.2 4.8 0.0 0.0 
0.2 0.0 7.6 0.4 0.0 
0.4 0.2 3.0 0.0 0.0 
1.0 0.0 11.4 0.0 0.0 
0.0 0.0 6.2 0.0 0.0 
0.4 0.2 11.2 0.0 0.0 
0.2 0.0 9.6 0.6 0.0 
0.6 0.0 10.6 0.0 0.0 
0.4 0.4 10.6 0.0 0.0 
0.4 0.2 16.0 0.0 0.0 
0.0 0.0 13.0 0.0 1.0 
0.0 0.0 7.0 0.2 0.0 
HM CC CR 
0.0 0.0 0.0 
0.0 49.4 6.6 
0.0 16.2 15.8 
0.0 4.8 0.6 
0.0 6.2 0.4 
0.0 24.4 1.6 
0.0 4.2 0.4 
0.0 11.0 0.8 
0.0 5.6 0.6 
0.0 10.4 1.0 
0.0 7.4 1.0 
0.2 4.4 0.2 
0.0 4.0 0.2 
0.0 4.2 0.0 
0.0 3.4 0.6 
0.0 5.4 1.6 
0.0 8.0 1.0 
0.0 2.6 0.0 
0.0 10.4 4.6 
0.0 11.4 0.6 
0.0 30.8 5.4 
0.0 13.8 1.2 
0.0 12.0 0.4 
0.0 1.0 1.2 
0.0 2.0 0.8 
0.2 5.2 0.8 
0.0 4.0 0.8 
CO CL V0 
0.0 24.0 3.2 
1.0 0.0 0.0 
0.0 18.2 2.2 
0.0 9.4 4.0 
0.0 8.6 8.2 
0.0 6.0 2.4 
0.0 8.2 4.0 
0.0 17.2 4.6 
0.0 10.2 3.4 
0.0 13.0 2.2 
0.0 17.4 4.0 
1.2 11.8 2.0 
0.0 13.6 4.6 
3.8 6.0 3.8 
1.2 12.8 6.8 
2.2 5.8 3.6 
0.0 13.6 4.2 
0.8 5.8 4.6 
0.0 11.2 4.4 
0.0 12.6 4.0 
0.0 1.6 1.8 
0.0 15.6 1.8 
0.0 12.4 4.2 
0.0 22.8 3.8 
0.0 19.4 4.0 
0.0 20.6 3.6 
0.0 13.6 3.0 
SIll 
0.0 
1.2 
0.4 
0.0 
0.8 
0.0 ! 
1.2 ! 
1.4 
1.0 
1.0 
0.2 
0.6 
1.4 
1.6 
1.4 
1.4 
0.8 
0.8 
2.2 
1.2 
1.6 
1.2 
2.2 
0.8 
1.6 
1.2 
1.0 
w 
(j) 
to 
SN ClU so GS OM QP KF PI. fI t.R 
L717.8 WO. P. 0.55 6.6 2.4 3.0 0.4 35.4 0.0 
L732.1 WO. M. O.SO 15.2 5.0 1.8 0.4 38.0 0.0 
L746.2 WO. M. 0.40 13.4 5.0 1.8 0.2 34.0 0.8 
L759.9 WO. VP. 0.80 16.2 9.0 0.4 0.0 28.4 0.0 
M094.1 BH. M. 0.20 35.0 3.2 2.2 1.6 19.8 0.6 
M132.9 UB. M. 0.35 32.4 6.0 0.6 0.4 27.0 0.4 
M149.6 UB. M. 0.18 27.8 6.8 4.8 0.8 30.6 0.0 
M192.6 UB. M. 0.20 23.8 6.2 5.0 1.0 24.6 0.0 
M209.9 UB. W. 0.18 36.4 10.2 4.4 2.6 17.6 0.0 
M228.0 LB. M. 0.20 31.2 4.4 5.4 3.2 24.2 0.2 
M281.0 LB. W. 0.30 25.6 13.6 3.6 1.0 31.0 0.0 
M308.7 LB. M. 0.13 29.0 3.2 6.6 1.6 22.6 0.0 
M341.8 se. M. 0.20 23.2 3.6 9.2 1.4 33.0 0.4 
M354.0 se. M. 0.30 33.8 8.0 5.2 2.6 26.6 0.4 
M369.0 se. M. 0.40 26.6 6.0 2.2 1.2 31.4 0.4 
M381.2 se. P. 0.38 42.8 5.2 1.6 0.8 27.2 0.2 
M402.9 se. M. 0.30 41.6 4.8 3.2 0.2 21.8 0.0 
M420.8 se. M. 0.13 23.6 3.2 10.4 1.0 22.8 0.0 
M440.0 se. M. 0.30 27.4 7.4 4.2 0.2 22.0 0.2 
M458.8 se. P. 0.23 27.2 6.6 4.2 0.2 21.8 0.4 
M486.6 WO. M. 0.40 29.8 4.8 2.0 1.2 30.0 1.4 
M492.2 WO. M. 0.30 25.2 6.0 2.4 1.2 36.0 0.4 
MS06.0 WO. M. 0.40 16.8 4.4 1.2 0.4 37.8 0.4 
MS28.5 WO. M. 0.28 8.0 3.2 2.0 0.8 SO.O 1.2 
MS51.2 WO. M. 0.25 9.8 5.8 1.8 0.4 39.4 0.8 
MS86.4 WO. W. 0.25 9.8 7.8 0.6 0.4 38.0 0.6 
M605.3 WO. W. 0.23 10.6 6.8 1.6 0.2 30.2 0.8 
SA CH MI OX HM CC CA 
4.6 11.8 0.0 0.0 0.0 14.8 3.2 
0.0 11.8 0.0 0.0 0.2 5.4 2.4 
0.0 7.2 0.6 0.0 0.0 1&4 4.2 
2..2 9.6 0.0 0.0 0.0 4.8 0.0 
Bcralllla M 
0.0 2.2 0.0 0.0 0.0 26.0 4.2 
0.0 7.4 0.0 0.0 0.0 9.2 0.4 
0.0 4.8 1.0 0.0 0.0 0.0 0.0 
0.0 5.0 0.0 0.2 0.0 1.8 0.0 
0.0 5.2 0.2 0.2 0.0 2.6 0.2 
0.0 4.2 0.0 0.2 0.0 0.0 0.0 
0.0 7.2 0.2 0.0 0.0 0.0 0.0 
0.0 0.8 0.0 0.4 0.0 10.0 1.0 
0.0 3.6 0.0 0.0 0.0 0.0 0.8 
0.0 5.0 0.0 0.0 0.0 0.4 0.6 
0.0 10.2 0.0 0.0 0.0 1.4 02 
2.2 4.8 0.0 0.0 0.0 0.0 0.0 
0.6 6.2 0.4 0.2 0.0 0.0 0.0 
0.0 2.4 0.8 0.6 0.0 0.0 0.0 
0.0 14.6 0.0 0.0 0.0 8.6 12 
1.0 12.6 0.0 0.0 0.0 3.6 0.8 
0.4 6.6 0.2 0.0 0.0 0.0 0.0 
0.0 7.4 0.0 0.0 0.0 1.0 0.4 
0.0 17.0 0.2 0.0 0.0 0.0 0.0 
0.2 13.6 0.0 0.2 0.0 17.2 1.6 
0.0 14.8 0.0 0.0 0.0 2.0 0.0 
0.0 12.6 0.0 0.0 0.0 1.4 02 
0.0 16.4 0.0 0.2 0.0 4.6 0.2 
Borehole N 
00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.8 
0.0 
0.0 
0.0 
0.0 
1.2 
1.6 
0.0 
0.6 
0.4 
2.0 
0.6 
0.0 
0.0 
0.0 
0.0 
0.0 
CL V0 50 
12..2 4.4 1.2 
17.4 2.8 1.8 
13.8 3.8 2.0 
17.0 10.0 4.4 
3.2 1.0 1.0 
9.0 4.2 3.0 
16.2 3.6 3.6 
29.0 2.2 1.2 
18.6 1.2 0.6 
22.6 2.2 2.2 
9.4 3.4 3.2 
18.8 3.8 2.2 
18.6 3.4 3.0 
12.2 22 3.0 
11.4 6.8 2.2 
8.4 1.6 4.0 
12.6 5.0 1.8 
32.0 3.0 0.2 
10.0 2.0 1.6 
18.6 1.6 1.0 
15.0 5.4 1.2 
13.2 3.8 2.4 
18.0 2.8 1.0 
18.0 1.4 2.6 
20.6 3.6 1.0 
21.8 4.4 2.4 
24.2 3.2 1.0 
I 
W 
-..J 
o 
SN OU so GS OM QP KF PL IR MA 
N161.4 LB. M. 025 51.6 3.0 0.0 0.0 13.2 0.0 
N1B4.2 se. P. 0.28 45.0 4.6 0.0 0.0 24.6 0.0 
Nl93.1 WO. P. 0.23 192 6.4 0.2 0.0 34.2 0.0 
0296.5 BH. M. 0.33 68.4 4.4 0.0 0.0 1.4 0.0 
0370.0 UB. W. 0.23 38.2 7.4 1.2 0.0 19.2 0.0 
0417.4 UB. W. 0.25 52.6 3.4 0.6 0.0 15.2 0.0 
0435.2 UB. M. 0.20 39.0 6.2 1.0 0.0 15.2 0.0 
0452.9 UB. W. 0.30 49.4 4.4 1.2 0.0 18.4 0.0 
0488.2 LB. M. 0.25 37.2 6.4 0.8 0.0 21.2 0.0 
0512.5 LB. M. 0.30 56.8 5.2 0.2 0.0 10.8 0.0 
053a9 LB. P. 0.30 38.8 3.6 0.2 0.0 17.2 0.2 
0560.4 se. M. 0.25 32.8 6.6 2.8 0.2 20.0 0.0 
0578.4 se. M. 0.30 34.0 6.2 2.6 0.6 20.4 0.2 
0600.9 se. M. 0.50 40.0 5.8 3.0 0.8 13.2 0.0 
0617.7 se. M. 0.20 31.2 4.6 2.0 0.6 17.0 0.0 
0637.4 se. w. 0.25 13.6 5.4 3.2 1.2 30.6 0.0 
0668.5 WO. M. 0.20 10.8 8.4 4.0 0.4 26.4 0.4 
0709.5 WO. W. 0.23 15.0 5.2 4.0 0.2 36.0 0.0 
0745.8 WO. M. 0.20 11.0 6.8 3.0 2.0 27.6 1.2 
0755.9 WO. M. 0.25 20.8 6.0 4.8 1.2 25.6 0.4 
P422.0 WO. M. 0.25 26.6 4.2 0.4 0.0 37.8 0.4 
P444.7 WO. M. 0.25 14.4 2.0 0.0 0.0 47.4 0.0 
0419.9 se. M. 0.55 53.4 5.4 0.2 0.0 16.8 0.0 
0423.0 WO. P. 0.35 29.4 5.8 0.0 0.0 34.2 0.2 
0440.7 WO. M. 0.40 31.4 4.0 0.2 0.0 29.6 0.4 
0455.2 WO. M. 0.13 18.2 4.0 0.6 0.2 36.8 0.8 
----
.-
SR CH MI OX 
0.0 1.4 0.0 0.0 
0.0 4.2 0.0 0.0 
0.0 12.2 0.0 0.0 
BoreholeO 
0.0 0.0 02 0.0 
0.0 8.0 0.2 0.4 
0.0 5.2 02 0.0 
0.0 7.0 0.2 0.0 
0.0 3.8 0.0 0.0 
0.0 6.4 0.0 0.0 
0.0 2.6 0.0 0.0 
0.0 10.8 0.0 0.0 
0.0 7.6 0.0 0.0 
0.0 7.6 0.0 0.0 
0.0 5.4 0.0 0.0 
0.0 7.2 0.0 0.4 
0.0 9.4 0.0 0.0 
0.0 7.0 0.0 0.0 
0.2 10.6 0.0 0.0 
0.0 14.8 0.0 0.0 
0.0 5.8 0.0 0.0 
Borehole P 
0.0 3.4 0.0 0.0 
0.0 1.8 0.0 0.4 
BoreholeQ 
0.0 3.4 0.0 0.0 
0.0 3.8 0.0 0.0 
0.0 2.6 0.0 0.0 
0.0 2.4 0.0 0.0 
-
HM CC eR 
0.0 4.0 0.0 
0.0 0.2 0.0 
0.0 3.8 0.0 
0.0 1.8 0.4 
0.0 4.4 0.6 
0.2 3.4 0.4 
0.0 8.8 0.6 
0.0 3.6 0.0 
0.0 7.4 02 
0.0 1.6 0.0 
0.0 5.2 02 
0.0 3.4 0.0 
0.0 4.8 0.0 
0.0 6.4 0.0 
0.0 4.2 0.0 
0.0 20.6 2.8 
0.0 25.4 4.8 
0.0 9.2 0.8 
0.0 6.0 0.4 
0.0 6.4 02 
0.2 3.8 0.0 
0.2 14.0 0.0 
02 1.0 0.0 
0.0 5.0 0.2 
0.0 13.8 0.2 
0.0 12.0 0.0 
CO 
0.0 
0.0 
0.0 
1.2 
2.0 
0.0 
0.2 
2.2 
0.4 
2.2 
0.6 
2.0 
1.8 
4.2 
1.4 
0.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
CL V0 50 
17.6 9.2 0.0 
14.4 6.6 0.4 
18.2 5.8 0.0 
15.6 5.4 1.2 
14.4 3.6 0.4 
13.4 4.0 1.4 
17.0 42 0.6 
12.0 4.4 0.6 
16.0 32 0.8 
10.2 8.0 0.4 
14.8 7.2 1.2 
15.8 8.0 0.8 
17.2 4.2 0.4 
12.6 7.4 12 
18.0 13.4 0.0 
11.2 1.2 0.0 
9.8 2.4 02 
15.2 2.8 0.8 
22.6 2.0 2.6 
25.4 2.4 1.0 
12.2 11.0 0.0 
12.6 72 0.0 
7.2 12.4 0.0 
14.2 72 0.0 
10.8 7.0 0.0 
21.0 4.0 0.0 
W 
-..J 
...... 
SN OU so GS OM QP KF Pl IR MA 
R0712 WO. P. 025 SO.O 2.6 0.0 0.0 21.8 0.0 
R09O.2 WO. P. 028 42.8 5.8 0.0 0.0 26.0 0.0 
R118.2 WO. P. 0.25 36.0 5.4 0.2 0.0 30.4 0.0 
5446.6 se. M. 0.30 11.6 4.0 0.6 0.2 42.8 0.8 
5484.1 se. M. 0.35 24.0 4.4 0.4 0.4 36.4 1.0 
5504.4 se. P. 0.35 19.4 7.0 0.2 0.4 43.0 0.6 
5522.8 se. P. 0.30 31.0 4.4 1.2 1.0 33.0 0.6 
5557.0 WO. M. 028 29.6 3.0 1.4 0.4 32.2 0.0 
5575.1 WO. P. 0.25 31.0 3.4 2.0 0.2 26.2 0.0 
5598.9 WO. P. 0.35 13.6 3.4 1.8 0.8 47.6 0.6 
5629.3 WO. P. 0.40 24.6 2.8 1.0 1.2 37.0 0.2 
5652.8 WO. P. 0.30 20.8 5.0 2.6 1.2 42.2 0.2 
T32O.5 se. P. 0.25 64.4 3.6 0.0 0.0 8.4 0.0 
T344.4 WO. P. 0.35 63.0 3.8 0.0 0.0 11.2 0.0 
T365.4 WO. M. 0.35 65.4 3.0 0.0 0.0 10.6 0.0 
T397.6 WO. P. 1.00 63.4 8.6 0.0 0.0 4.8 0.2 
T419.0 WO. M. 0.25 46.2 5.8 0.2 0.0 17.4 0.0 
T434.9 WO. M. 0.23 34.8 5.2 0.6 0.0 26.8 0.2 
U113.1 se. M. 0.25 24.8 3.4 2.4 1.2 37.8 0.0 
U149.5 se. M. 0.13 37.6 3.0 1.4 0.2 22.0 0.0 
I U191.5 se. M 0.25 31.6 1.0 2.0 1.4 34.2 0.0 
, U215.5 WO. P. 0.30 25.2 4.6 2.6 2.2 44.0 0.0 
U24O.8 WO. P. 0.25 25.2 3.4 3.4 1.4 35.0 0.0 
U274.6 WO. p. 0.35 22.8 2.8 1.0 0.8 33.4 0.2 
--_
 .. - --
--
_. -
- -
_ ... _
--
SR CH MI 
8olehole R 
0.0 02 0.0 
0.0 3.0 0.0 
0.0 3.8 0.0 
8oleho19 S 
0.4 7.2 0.0 
0.0 4.6 0.0 
0.0 5.6 0.0 
0.0 2.4 0.0 
0.0 2.4 0.0 
0.0 3.6 0.0 
0.0 3.4 0.0 
0.0 1.2 0.0 
0.0 3.0 02 
8oleho19 T 
0.0 0.4 0.0 
0.0 12 0.0 
0.0 0.8 0.0 
0.0 0.4 0.0 
0.0 3.2 0.0 
0.0 3.2 0.0 
8olehole U 
0.0 2.2 0.2 
0.0 1.8 0.2 
0.0 2.0 0.0 
0.0 1.4 0.0 
0.0 0.4 0.0 
0.0 1.0 0.0 
OX HM CC CA 
0.0 0.0 0.0 0.0 
0.0 0.0 0.6 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 6.6 02 
0.2 0.0 6.8 0.8 
0.0 0.0 6.0 0.4 
0.0 0.0 3.6 02 
0.2 0.0 7.8 02 
0.0 0.0 8.0 0.8 
0.0 0.0 8.8 0.0 
0.2 0.0 4.8 0.0 
0.4 0.0 1.4 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.4 0.0 
0.0 0.0 0.8 0.0 
0.0 0.0 2.6 0.4 
0.0 0.0 2.4 0.0 
0.0 0.0 12.0 0.0 
0.0 0.0 5.2 0.2 
0.4 0.0 4.8 0.0 
0.4 0.0 22 0.2 
0.0 0.0 3.4 02 
0.0 0.0 0.6 0.0 
0.2 0.2 19.0 3.6 
-
_ .. _- --
-
QO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.4 
0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
CL V0 50 
18.2 6.6 0.6 
13.0 8.4 0.4 
17.6 6.0 0.6 
19.0 5.4 12 
18.4 2.6 0.0 
15.2 1.8 0.4 
17.2 4.0 1.4 
20.0 22 0.6 
21.6 2.8 02 
15.8 4.2 0.0 I 
21.4 5.0 02 
21.2 1.6 0.2 I 
12.0 10.4 0.4 
10.2 9.8 0.4 
9.2 9.8 0.4 
9.0 10.6 0.0 
13.8 10.8 0.2 
13.8 3.4 0.0 
19.0 3.4 02 
25.4 3.2 0.0 
20.8 4.0 02 
14.2 1.8 0.4 
26.0 4.2 0.2 
10.2 4.2 0.6 
W 
-...J 
I\) 
SN OU so GS OM QP KF PL lA 
U326.0 WO. P. 0.25 23.0 2.8 0.8 0.4 44.4 
U345.0 WO. P. 0.35 31.8 3.2 0.4 0.8 44.8 
U3882 WO. M. 023 18.8 0.4 0.8 1.4 28.8 
U454.1 WO. P. 020 24.8 1.6 0.8 3.0 42.6 
V011.1 WO. M. 0.25 22.2 2.8 0.0 0.2 45.4 
V031.8 WO. P. 0.28 18.0 1.4 2.2 1.0 42.6 
V051.8 WO. M. 0.13 28.4 0.2 0.6 1.0 26.8 
SN OU SO GS OM OP KF PL lA 
W180.1 BH. W. 0.18 58.4 1.6 0.4 0.0 14.4 
W209.8 BH. VP. 1.30 67.2 16.0 0.0 0.0 0.4 
W210.3 BH. M. 1.20 68.2 9.8 0.0 0.0 1.8 
wm. 1 BH. VP. 0.40 72.2 7.6 0.0 0.0 1.8 
W229.8 BH. M. 0.23 58.8 4.2 0.2 0.0 12.0 
W243.9 UB. M. 1.30 58.8 9.4 0.0 0.0 1.4 
W274.6 UB. W. 0.20 55.2 1.6 0.0 0.0 9.0 
W300.8 UB. W. 0.25 45.4 4.0 0.0 0.0 9.2 
W304.9 UB. W. 0.23 58.6 0.0 0.0 0.0 13.0 
W310.4 UB. W. 0.20 63.4 3.4 0.0 0.0 9.8 
W331.7 UB. W. 0.15 51.4 1.4 0.0 0.0 20.4 
W349.9 UB. VP. 0.70 53.8 6.0 0.0 0.0 6.2 
W3S4.9 LB. M. 0.95 57.6 18.0 0.0 0.0 2.4 
W359.4 LB. VP. 1.50 48.8 21.8 0.0 0.0 4.6 
W368.0 LB. W. 0.35 55.8 3.2 0.2 0.0 11.6 
W388.8 LB. P. 0.25 22.2 1.8 0.2 0.0 36.4 
---
--
-
MR SR CH MI OX 
0.2 0.0 0.4 0.0 0.0 
0.0 0.0 0.8 0.0 02 
0.0 0.0 0.0 0.0 0.8 
0.0 0.0 0.0 0.0 0.6 
BoreholeV 
0.4 0.0 0.0 0.0 6.4 
12 0.0 0.6 0.0 0.0 
02 0.0 0.8 0.0 2.0 
MA SR CH MI OX 
BoreholeW 
0.0 0.4 0.0 1.2 0.2 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 1.0 0.0 0.6 0.6 
0.0 0.2 0.0 0.0 5.4 
0.0 1.4 0.2 0.4 0.0 
0.0 0.0 0.0 0.0 0.4 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.6 
0.0 1.0 02 0.4 0.0 
0.0 0.0 0.0 0.0 0.8 
0.0 0.0 0.2 0.0 0.0 
0.0 0.0 1.0 0.0 0.0 
0.0 0.0 0.4 0.2 0.0 
0.0 0.0 1.8 0.0 0.8 
HM CC eR 
02 2.8 0.0 
0.0 0.8 02 
0.0 37.6 6.6 
0.0 1.6 0.0 
0.0 1.4 02 
0.0 11.0 2.0 
0.0 19.6 0.0 
HM CA CL 
0.0 5.0 16.6 
0.0 0.0 9.8 
0.0 0.2 7.8 
0.0 0.0 9.6 
0.0 1.6 19.2 
0.0 0.0 13.0 
0.0 5.2 19.0 
0.0 22.4 4.0 
0.6 0.8 22.4 
0.0 1.6 15.0 
0.0 3.4 18.8 
0.0 0.8 22.8 
0.0 1.4 15.8 
0.0 2.8 15.2 
0.0 1.6 18.8 
0.0 6.6 25.4 
QO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
V0 
1.8 
6.4 
12.2 
8.8 
1.8 
11.4 
7.8 
10.2 
3.2 
5.4 
2.0 
8.8 
4.4 
4.0 
8.0 
4.8 
CL V0 
22.4 2.4 
10.0 6.6 
4.2 0.6 
21.0 4.0 
17.8 22 
17.2 2.8 
18.2 1.8 
50 
0.0 
0.2 
0.0 
0.0 
0.0 
0.4 
0.2 
4.4 I 
1.41 
0.8 
1.0 
0.8 
02 
1.8 
0.2 
0.0 
50 
0.2 
0.4 
0.0 
0.0 I 
1.0 
0.0 
0.4 
W 
-.J 
W 
SN OU so GS OM QP KF PL 
W396.8 LB. VP. 1.00 52.8 7.0 0.0 0.0 
W430.8 SC. P. 0.75 59.2 4.0 0.0 0.0 
W455.6 SC. VP. 0.25 31.4 4.6 0.0 0.0 
W470.1 SC. P. 0.45 40.6 5.6 0.0 0.0 
W479.8 WO. M. 0.20 35.4 4.2 0.0 0.0 
W493.9 WO. M. 0.50 51.2 2.6 0.0 0.0 
W515.6 WO. W. 0.35 27.6 2.0 0.4 0.2 
X281.3 BH. P. 0.35 73.2 3.0 0.0 0.0 
X282.0 BH. M. 0.45 66.8 4.0 0.0 0.0 
X296.6 BH. VP. 0.65 66.2 10.0 0.0 0.0 
X297.7 BH. M. 0.30 73.2 7.2 0.0 0.0 
X309.3 BH. M. 0.75 63.0 5.8 0.2 0.0 
X336.1 UB. W. 0.18 54.2 2.8 0.6 0.0 
X365.6 UB. W. 0.25 63.2 1.2 0.4 0.2 
X386.8 UB. W. 0.25 57.6 1.8 0.2 0.0 
X436.6 UB. VP. 0.45 61.0 2.2 0.0 0.0 
X458.9 LB. VP. 0.35 52.0 2.4 0.2 0.0 
X473.1 LB. W. 0.45 62.8 2.8 0.0 0.0 
X476.2 LB. VP. 1.15 46.4 23.2 0.0 0.0 
X490.9 LB. P. 1.00 56.8 6.4 0.0 0.0 
X508.2 LB. M. 0.45 61.0 7.4 0.0 0.0 
X525.8 SC. VP. 1.50 60.0 7.8 0.0 0.0 
X528.7 SC. M. 0.45 66.6 2.2 0.2 0.0 
X530.7 SC. VP. 0.40 63.2 5.4 0.2 0.0 
X531.9 SC. P. 0.50 63.2 5.8 0.2 0.0 
X559.4 SC. W. 0.25 30.0 5.2 0.4 0.0 
lA MA SR CH MI OX 
15.2 0.0 0.0 1.0 0.0 0.0 
11.6 0.0 0.0 2.4 0.0 0.0 
25.2 0.0 0.0 2.8 1.4 0.0 
17.0 0.0 0.6 3.8 0.4 0.0 
26.6 0.0 12 3.2 0.6 0.0 
18.4 0.0 0.2 3.6 0.0 0.0 
40.8 0.0 0.0 2.6 0.0 0.0 
801911019 X 
3.8 0.0 0.0 0.2 12 0.4 
1.0 0.0 0.0 0.4 0.2 0.0 
0.8 0.0 0.0 0.2 0.4 0.0 
3.0 0.0 0.0 0.0 0.2 0.0 
3.8 0.0 0.0 0.0 0.0 0.0 
17.0 0.0 0.0 1.8 0.0 0.0 
12.8 0.0 0.4 0.2 02 0.0 
1&2 0.0 0.0 0.0 0.4 0.0 
8.2 0.0 0.0 0.2 0.2 0.0 
20.8 0.0 0.0 0.6 0.6 0.6 
11.2 0.0 0.2 3.0 0.0 0.0 
8.2 0.0 0.0 1.0 0.0 0.0 
16.4 0.4 0.0 1.8 0.0 0.2 
14.6 0.0 0.0 1.4 0.4 0.0 
9.6 0.0 0.0 0.8 0.0 0.0 
10.8 0.0 0.0 1.0 0.6 0.0 
17.4 0.0 0.0 0.6 0.0 0.0 
11.0 0.0 0.0 1.4 '0.0 0.0 
21.4 0.0 0.0 6.8 0.0 0.0 
HM CA CL 
0.0 0.6 15.6 
0.0 0.8 13.2 
0.0 6.4 23.6 
0.0 1.8 18.6 
0.0 1.0 23.4 
0.0 1.0 13.8 
0.6 0.2 18.6 
0.0 3.6 12.4 
0.0 4.2 11.2 
0.2 1.8 6.4 
0.0 1.0 10.0 
0.0 4.2 17.4 
0.0 2.8 11.0 
0.0 4.2 11.8 
0.0 4.0 12.8 
0.0 0.6 12.6 
0.0 3.0 16.8 
0.2 1.4 10.0 
0.0 0.4 14.8 
0.0 42 3.8 
0.0 2.4 6.8 
0.0 3.0 12.6 
0.0 2.4 10.4 
0.0 4.2 7.8 
0.0 12.2 2.2 
0.2 6.4 16.6 
V0 
4.4 
8.6 
4.4 
11.4 
3.4 
92 
7.0 
0.8 
22 
9.8 
52 
2.0 
62 
4.0 
4.2 
4.0 
3.0 
8.0 
5.8 
9.0 
4.8 
4.6 
5.0 
1.2 
3.6 
12.4 
50 
3.4 
0.2 
02 
0.2 
1.0 
0.0 
0.0 
1.4 
10.0 
22 
0.2 
3.6 
3.4 
1.4 
0.8 
11.0 
0.0 
0.4 
02 
1.0 
12 
1.6 
0.8 
0.0 
0.4 
0.6 c..l 
'-J 
..,. 
SN OU so GS OM QP KF PL IR 
X588.5 SC. W. 0.35 36.6 3.4 0.0 0.0 26.0 
X612.9 WO. M. 0.40 34.4 4.4 0.0 0.0 20.8 
X640.0 WO. VP. 0.25 9.0 4.0 0.4 0.4 42.6 
X675.5 WO. W. 0.30 26.8 3.8 0.2 0.2 28.4 
Y377.5 BH. M. 0.45 72.0 1.2 0.0 0.0 6.0 
Y397.6 UB. M. 0.23 68.6 1.4 0.0 0.0 7.0 
Y429.0 UB. W. 0.23 64.0 1.2 0.0 0.0 21.0 
Y468.5 UB. W. 0.28 68.8 2.8 0.0 0.0 15.4 
Y486.5 LB. W. 0.23 60.2 0.6 0.0 0.0 22.4 
Y501.8 LB. M. 0.18 54.2 1.8 0.0 0.0 19.2 
Y515.3 LB. W. 0.25 53.6 2.0 0.0 0.0 25.0 
Y549.1 LB. W. 0.45 61.4 2.8 0.0 0.0 14.6 
Y566.1 LB. W. 0.15 47.2 1.6 0.0 0.0 18.2 
Y593.9 SC. W. 0.28 55.2 2.2 0.0 0.0 20.0 
Y624.7 SC. M. 0.35 28.4 4.0 0.0 0.0 40.0 
Y642.2 SC. W. 0.35 22.4 4.4 0.0 0.0 38.8 
Y672.9 WO. M. 0.38 33.0 2.4 0.6 0.2 39.6 
Y690.1 WO. W. 0.90 44.8 9.8 0.0 0.0 24.2 
Y727.4 WO. W. 0.25 14.6 4.2 0.8 0.4 46.6 
Y757.9 WO. P. 0.25 25.6 3.4 0.2 0.0 42.2 
Z378.2 BH. P. 0.50 61.6 6.2 0.0 0.0 7.6 
Z399.0 UB. P. 0.40 64.4 4.6 0.0 0.0 5.0 
Z402.9 UB. W. 0.23 61.2 2.0 0.0 0.0 11.2 
Z422.6 UB. W. 0.18 57.8 0.2 0.0 0.0 17.2 
Z444.2 UB. M. 0.18 53.8 0.8 0.0 0.0 23.0 
Z499.0 UB. W. 0.23 52.8 2.0 0.0 0.0 23.4 
MA SA CH MI OX HM 
0.0 0.0 4.6 0.0 0.2 0.0 
0.0 0.0 5.2 0.8 0.0 0.0 
0.0 0.0 5.8 0.0 0.0 0.0 
0.0 0.0 1.6 0.0 0.0 0.0 
Borehole Y 
0.0 0.0 0.4 0.2 0.2 0.0 
0.0 0.0 0.0 0.2 02 0.2 
0.0 0.0 0.6 0.0 0.0 0.0 
0.0 0.0 0.2 0.0 0.0 0.2 
0.0 0.0 0.0 02 0.0 0.0 
0.0 0.0 0.4 0.4 0.4 0.6 
0.0 0.0 0.4 0.0 0.0 0.0 
0.0 0.0 0.6 0.0 0.0 0.0 
0.0 0.0 0.8 0.8 0.4 0.0 
0.0 0.0 1.0 02 0.2 0.0 
0.0 0.0 4.8 0.0 0.2 0.0 
0.0 0.0 4.8 0.0 0.0 0.0 
0.0 0.0 2.4 0.0 0.2 0.0 
0.0 0.0 3.2 0.0 0.0 0.0 
0.0 0.0 5.6 0.6 0.2 0.0 
0.0 0.0 1.6 0.0 0.0 0.0 
Borehole Z 
0.4 0.0 1.0 02 0.0 0.0 
0.8 0.0 0.4 0.0 0.0 0.0 
0.0 0.0 2.8 0.0 0.0 0.2 
0.0 0.0 0.8 1.0 0.0 0.2 
0.0 0.0 1.0 0.2 0.8 0.0 
0.0 0.0 0.6 0.2 0.2 0.0 
CA CL 
4.2 13.8 
9.2 15.4 
6.4 25.2 
16.6 14.8 
42 7.0 
4.6 10.8 
02 92 
1.6 6.6 
2.4 10.8 
4.4 17.2 
3.0 12.8 
3.0 10.6 
7.4 18.0 
22 13.0 
52 12.6 
12.0 11.2 
6.8 9.8 
1.4 5.6 
10.8 14.4 
8.6 13.6 
15.8 2.2 
52 4.4 
4.8 7.0 
5.4 8.8 
4.8 9.4 
1.8 15.8 
V0 
11.0 
9.8 
6.0 
7.6 
8.4 
3.2 
3.0 
4.4 
3.0 
1.4 
1.6 
6.6 
5.4 
4.4 
4.6 
6.4 
4.8 
11.0 
1.8 
4.4 
2.6 
4.8 
5.8 
6.4 
4.8 
2.0 
50 
0.2 
0.0 
0.2 
0.0 
0.4 
3.8 
0.8 
2.0 
0.4 I 
0.0 
1.6 
0.4 
0.21 
1.6 
0.2 ' 
0.0 
0.2 
0.0 
0.0 
0.4 : 
2.4 
I 10.4, 
5.0 
2.2 
1.4 1 
1.2 , (JJ 
-...J 
CJ1 
SN OU so GS OM OP KF PL lA MA SR CH MI OX HM CA CL V0 50 
Z512.4 LB. W. 0.28 58.2 2.4 0.0 0.0 19.8 0.0 0.0 02 0.0 12 0.0 4.0 8.0 42 
2.0 
Z531.9 LB. M. 028 61.4 1.0 0.0 0.0 17.8 0.0 0.0 02 0.4 0.0 02 3.6 10.2 
2.4 2.8 
Z593.0 SC. M. 0.45 47.0 3.0 0.0 0.0 27.0 0.0 0.0 3.0 02 02 0.0 4.6 11.0 3.8 
02 
Z611.3 SC. W. 0.15 19.6 2.2 0.0 0.0 47.0 0.0 0.0 2.6 1.0 0.4 0.0 13.4 12.6 0.8 
0.0 
Z632.7 SC. M. 0.40 8.8 4.4 0.0 0.0 49.2 0.0 0.0 6.6 0.0 0.4 0.0 18.8 8.8 2.2 
0.0 
Z656.8 SC. W. 0.35 13.6 3.8 0.6 0.4 51.4 0.0 0.0 7.8 0.0 0.4 0.0 9.4 11.8 0.8 
0.0 
Z679.4 WO. M. 0.45 48.0 5.6 0.4 0.0 26.2 0.0 0.0 0.4 0.0 0.6 0.0 5.0 9.8 4.0 
0.0 
Z700.2 WO. P. 0.35 42.8 5.0 0.2 0.2 26.8 0.0 0.0 1.8 0.0 0.0 0.0 2.6 32 17.4 
0.0 
Z703.3 WO. M. 0.23 41.2 3.8 0.4 0.0 28.4 0.0 0.8 1.8 02 0.4 0.0 4.6 16.8 1.6 0.0 
Z74O.4 WO. W. 0.28 31.2 3.4 0.8 0.4 28.2 02 0.0 3.6 0.0 02 0.0 10.8 10.4 9.0 
1.8 
Z763.8 WO. M. 0.40 23.0 5.8 0.0 0.0 41.6 0.0 0.0 3.4 0.0 0.2 0.0 8.6 15.6 1.8 
0.0 
Note: 
The abbreviations used in reporting the resutts are as follows: 
SN _ sample number. OU _ operational untt, SO _ estimated sorting, GS - average grain size (mm), OM - monocrystalline quartz, 
OP _ polycrystalline quartz, KF _ potassium feldspar, PL _ plagioclase, IR - igneous rock fragments, MR - metamorphic rock fragments, 
SR _ sedimentary rock fragments, CH _ chert, MI _ mica, OX - oxides, HM - heavy minerals, CC - carbonate cement, CR - carbonate replacement, 
CA. carbonate, QO. quartz overgrowths (0 mega-quartz crystals, not overgrowths), CL - clay matrix, V0 - visual porosity, 
S0 _ secondary porostty. 
W. _ well sorted, M. _ moderately sorted, P. _ poorly sorted, VP. - very poorly sorted, BH. - Bald Hill Operational Untt, UB. - Upper Bulgo, 
LB. = Lower Bulgo, SC. _ Scarborough, and WO. - Wombarra. 
w 
...... 
Cl'l 
SN OU SO 
A146.5 UB. W. 
A163.1 UB. M. 
A184.3 UB. W. 
A198.3 UB. W. 
A211.4 LB. M. 
A225.8 LB. P. 
B124.0 UB. M. 
B151.7 UB. M. 
B161.0 UB. M. 
B175.5 UB. M. 
8200.1 UB. P. 
B234.7 LB. W. 
8239.9 LB. M. 
0066.0 UB. P. 
C08U LB. M. 
C089.4 LB. P. 
C101.6 LB. M. 
C119.9 LB. P. 
0047.1 sc. M. 
0053.9 sc. M. 
0078.4 sc. M. 
0102.5 sc. W. 
APPENDIX IV • RECALCULATED PERCENTAGE FOR INDIVIDUAL DETRITAL CLASTS 
GS OM QP FD RF CHI SN OU SO GS OM QP FD RF 
BoreholeA 
0.20 66.1 4.6 0.0 27.9 1.4 A247.1 SC. VP. 1.80 43.5 17.4 0.5 21.5 
0.25 66.7 2.3 1.3 22.6 7.1 A260.8 sc. M. 0.35 33.9 10.0 5.5 39.3 
0.20 67.5 4.7 0.5 23.7 3.6 A295.6 sc. M. 0.20 16.2 8.6 3.0 56.3 
0.25 63.2 5.9 0.0 26.0 4.9 A313.5 sc. P. 0.40 38.5 7.3 6.4 37.7 
0.35 62.0 5.9 1.1 25.4 5.6 A326.8 sc. VP. 0.20 30.3 7.8 5.4 48.4 
0.25 72.8 7.4 0.3 18.7 0.8 
BoreholeB 
0.15 56.5 7.3 3.7 26.0 6.5 B259.2 LB. P. 0.38 32.7 7.3 2.8 49.7 
0.25 57.2 6.8 1.9 25.9 8.2 B277.9 LB. P. 0.28 36.8 9.6 5.4 38.9 
0.20 45.0 6.8 6.2 31.1 10.9 8338.0 sc. P. 0.43 9.0 2.6 6.4 59.1 
0.25 37.2 4.9 6.8 41.0 10.1 8361.6 WO W. 0.25 17.1 3.3 4.1 54.5 
0.20 27.6 6.2 5.4 49.7 11.1 8394.4 WO W. 0.15 19.7 4.9 5.3 46.9 
0.25 55.7 4.5 3.7 31.0 5.1 8406.2 WO W. 0.40 5.8 3.9 4.2 62.7 
0.25 50.4 7.0 5.7 32.6 4.3 
BoreholeC 
0.25 52.0 7.2 2.2 28.7 9.9 C132.6 sc. W. 0.25 23.2 10.3 4.9 49.9 
0.25 54.4 5.8 1.6 32.4 5.8 C191.5 sc. M. 0.35 16.6 5.5 6.1 50.2 
1.00 59.8 8.8 0.8 23.4 7.2 C215.8 WO W. 0.35 14.2 9.9 2.9 59.9 
0.35 42.2 8.7 2.7 37.7 8.7 C259.6 WO M. 0.25 25.0 8.0 4.3 47.6 
0.25 18.0 12.0 1.9 34.4 11.7 
BoreholeO 
0.15 26.6 8.5 12.1 46.6 6.2 0145.3 sc. W. 0.50 62.6 5.8 5.1 25.2 
0.28 57.0 8.1 10.4 21.9 2.6 0164.9 sc. P. 0.35 51.1 6.0 7.9 33.5 
0.25 58.1 3.6 12.6 24.3 1.4 0236.0 WO M. 0.35 15.0 6.0 1.6 65.4 
0.28 54.8 4.7 10.5 29.4 0.6 0257.5 WO M. 0.30 38.7 7.4 2.3 48.0 
CH 
! 
17.1 
11.3 I 
15.9 
10.1 I 
8.1 
7.5 
9.3 
22.9 
21.0 
23.2 
23.4 
11.7 
21.6 
13.1 
15.1 
1.3 
1.5 
12.0 
3.6 c.v 
-..J 
-..J 
SN OU so GS OM QP FD RF CH 
0117.2 se. VP. 0.30 60.2 2.7 10.0 21.6 5.5 
Borehole E 
El18.5 se. M. 0.25 31.1 6.6 6.6 SO.9 4.8 
E128.0 se. w. 0.30 54.1 6.6 7.5 31.1 0.7 
El42.6 se. M. 0.23 55.5 4.6 8.9 29.9 1.1 
E155.3 se. M. 0.20 32.6 5.7 9.6 47.6 4.5 
El85.9 se. M. 0.40 SO.O 5.2 42 31.8 8.8 
E212.3 se. P. 0.45 36.5 6.1 5.8 45.8 5.8 
E243.6 se. M. 0.40 52.1 4.9 3.4 37.0 2.6 
8oreholeF 
F066.5 BH. M. 0.30 53.8 8.7 3.7 27.3 6.5 
F099.4 BH. VP. 0.35 74.3 8.0 0.8 16.6 0.3 
Fl13.9 UB. M. 0.18 48.1 4.6 2.4 39.4 5.5 
Fl58.3 UB. VP. 0.30 59.0 4.1 0.9 32.3 3.8 
F179.4 UB. W. 0.30 75.4 5.4 1.5 17.0 0.7 
Fl94.0 UB. W. 0.35 57.4 6.4 0.0 32.8 3.4 
F236.7 UB. M. 0.23 44.2 7.8 1.8 37.7 8.5 
F259.3 UB. M. 0.28 35.5 4.8 0.6 47.4 11.7 
F286.9 LB. M. 0.18 45.3 4.7 3.9 36.7 7.4 
F311.1 LB. M. 0.15 40.1 4.7 9.1 42.8 3.3 
F349.3 LB. M. 0.25 37.4 4.6 4.6 47.0 6.4 
F379.3 LB. M. 0.28 40.7 3.8 7.3 43.9 4.3 
F396.5 LB. M. 0.30 40.1 8.4 4.3 39.6 7.6 
BoreholeG 
G540.4 WO. W. 0.28 15.3 6.4 1.8 66.5 10 
G553.8 WO. W. 0.30 31.9 7.7 1.9 51.9 6.6 
SN OU SO GS OM 
0295.9 WO M. 0.20 53.0 
E254.9 wo P. 0.50 41.1 
E268.9 wo M. 0.35 8.1 
E282.8 wo M. 0.40 29.5 
E312.5 wo M. 0.35 22.0 
E325.0 wo P. 0.40 45.1 
E344.1 wo P. 0.35 46.2 
E363.6 wo P. 0.30 75.5 
F423.4 se. M. 0.60 27.8 
F437.8 se. M. 0.18 30.1 
F470.4 se. M. 0.45 41.3 
F491.5 se. P. 0.28 55.0 
F525.8 se. P. 0.40 35.5 
F563.0 se. M. 0.35 41.6 
F586.2 WO. P. 0.40 17.2 
F616.7 WO P. 0.20 54.7 
F649.2 WO. M. 0.40 43.7 
F687.3 WO. P. 0.30 49.2 
F734.9 WO. M. 0.20 62.5 
F751.7 WO. M. 0.35 31.0 
G577.7 WO M. 0.45 38.4 
QP FD RF 
42 5.4 36.0 
3.5 8.4 45.0 
7.0 2.6 66.6 
5.9 4.8 54.8 
6.0 3.8 54.9 
5.8 5.0 39.0 
6.1 7.7 39.2 
4.4 3.9 15.4 
10.4 2.6 522 
5.5 6.1 55.3 
4.9 0.8 48.6 
4.7 0.9 36.4 
4.0 4.8 52.0 
4.3 0.9 49.2 
5.9 1.2 65.1 
4.7 3.7 33.2 
4.2 1.2 43.7 
5.3 2.2 41.9 
7.0 2.8 27.4 
3.6 4.5 59.4 
8.9 0.5 45.4 
----
CH 
1.4 
2.0 
15.7 
5.0 
13.3 
5.1 
0.8 
0.8 
7.0 
3.0 
4.4 
3.0 
3.7 
4.0 
10.6 
3.7 ! 
72 
1.4 
0.3 I 
1.5 
6.8 
I w 
-...j 
co 
SN OU so GS OM QP FD RF CHI 
Borehole H 
H319.0 UB. M. 0.40 56.6 7.9 0.3 27.6 7.6 
H342.5 LB. M. 0.30 50.9 6.5 0.8 38.1 3.7 
H360.6 LB. M. 0.13 61.7 2.7 1.2 32.3 2.1 
H397.6 LB. M. 1.20 50.5 10.5 0.0 33.2 5.8 
H419.7 LB. M. 0.65 70.1 7.1 0.5 18.9 3.4 
006.1 se. M. 0.25 58.4 6.7 0.0 31.0 3.9 
H454.9 se. M. 0.25 63.4 4.5 0.8 28.1 32 
H470.0 se. M. 0.25 42.0 6.9 22 42.4 6.5 
HS04.7 se. M. 0.15 26.5 92 3.9 51.6 8.8 
Borel'Ole I 
1320.1 BH. W. 0.20 55.1 32 6.1 33.0 2.6 
1356.0 BH. W. 0.30 69.2 4.3 1.9 23.0 1.6 
1378.5 UB. W. 0.30 65.9 3.5 0.3 24.8 2.1 
1382.9 UB. M. 0.30 68.2 3.6 0.3 25.7 2.2 
1402.1 UB. W. 0.25 47.9 11.4 3.6 34.2 2.5 
1437.4 UB. W. 0.20 51.5 7.4 9.0 30.2 1.9 
1465.6 UB. W. 0.18 46.5 4.8 102 34.4 4.1 
1481.7 UB. M. 0.25 28.3 6.9 13.0 47.4 4.4 
1543.4 LB. W. 0.25 30.4 8.8 6.0 51.1 3.7 
1564.1 LB. M. 0.15 37.0 6.1 12.8 40.3 3.8 
1572.0 LB. M. 0.25 41.5 9.2 8.4 37.8 3.1 
1596.6 LB. W. 0.25 41.1 5.8 12.6 38.9 1.6 
Borel'OleJ 
J470.1 se. P. 0.40 42.9 12.2 4.2 32.8 7.9 
J481.6 se. M. 0.50 35.0 8.3 6.0 37.7 13 
SN OU so GS OM 
HS16.2 se. M. 0.50 36.0 
H535.1 se. VP. 0.40 23.9 
H568.7 sc. M. 0.28 14.1 
H597.9 WO W. 0.25 49.1 
H625.4 WO P. 0.35 34.6 
H6672 WO P. 0.40 32.0 
H6812 WO W. 0.25 31.7 
H691.5 WO P. 0.20 25.6 
1610.7 LB. W. 0.15 34.4 
1629.3 se. M. 0.35 SO.8 
1635.9 se. W. 0.23 61.1 
1698.2 se. M. 0.30 44.3 
1732.0 se. P. 0.28 30.3 
1769.6 wo W. 0.35 7.6 
1781.5 WO P. 0.40 43.0 
1806.9 WO M. 0.30 11.8 
1830.4 WO M. 0.40 46.1 
1879.9 WO W. 0.18 14.9 
1884.4 WO W. 0.20 18.5 
1902.6 WO P. 0.20 47.0 
J585.4 se. M. 0.23 14.7 
J599.9 WO M. 0.25 14.9 
QP FD 
6.3 1.7 
4.6 3.7 
4.8 5.1 
4.1 9.3 
5.1 7.3 
5.4 4.9 
4.8 92 
3.1 8.4 
8.3 10.0 
5.1 3.7 
3.7 8.1 
2.0 9.0 
5.3 8.2 
5.1 1.5 
3.0 5.0 
7.6 5.4 
5.1 7.9 
2.1 7.9 
6.3 2.0 
6.0 8.8 
6.1 6.6 
5.0 4.1 
RF 
50.6 
58.3 
64.1 
34.2 
49.1 
53.4 
52.4 
57.7 
41.0 
27.5 
25.4 
42.7 
53.9 
66.5 
43.0 
67.0 
38.8 
70.2 
70.2 
36.9 
53.1 
62.1 
CH 
5.4 
9.5 
11.9 
3.3 
3.9 
4.3 
1.9 
52 
6.3 
2.9 
1.7 
2.0 
2.3 
19.3 
6.0 
82 
2.1 
4.9 
3.0 
1.3 
19.5 
13.9 w 
-..j 
<D 
SN OU so GS OM QP FD RF CH 
J501.2 se. M. 0.35 22.8 3.0 9.8 32.3 23.1 
J514.8 se. M. 0.35 31.7 8.5 9.0 41.2 9.6 
J545.2 se. w. 0.20 14.4 .. 5.6 8.7 57.5 13.8 
J570.1 se. M. 0.20 3.7 2.7 4.5 82.8 3.3 
Borehole K 
K030.7 WO. p. 1.SO 42 2.7 0.0 87.2 5.9 
K057.3 WO. p. 1.40 4.5 2.1 0.8 78.4 14.2 
8orehole L 
L3462 UB. M. 0.30 70.0 4.6 1.0 19.8 4.6 
L355.3 us. M. 0.20 38.1 5.6 13.4 37.0 5.9 
L361.8 UB. w. 0.25 68.1 6.1 1.0 23.0 1.8 
L386.0 UB. M. 0.25 66.1 5.0 1.7 23.3 3.9 
L406.8 UB. M. 0.20 67.5 7.0 0.9 21.4 3.2 
L415.3 UB. M. 0.25 74.0 6.3 1.5 16.4 1.8 
L434.7 us. w. 0.25 62.2 6.3 2.9 25.2 3.4 
L452.1 LB. M. 0.35 71.5 6.7 2.5 16.6 2.7 
L506.7 LB. M. 0.40 69.1 5.7 1.9 18.7 4.6 
L518.3 LB. M. 0.50 48.8 8.0 6.2 31.0 6 
L532.9 se. M. 0.25 38.0 7.5 5.0 38.9 10.6 
L547.6 se. M. 0.60 69.0 7.5 0.2 19.8 3.5 
L571.0 se. p. 0.65 36.0 6.3 11.9 28.8 17 
8oreholeM 
M094.1 BH. M 0.20 54.1 5.0 5.9 31.6 3.4 
Ml32.9 UB. M 0.35 43.7 8.1 1.3 36.9 10 
M149.6 UB. M. 0.18 36.8 9.0 7.4 40.5 6.3 
M192.6 UB. M. 0.20 36.3 9.5 9.1 37.5 7.6 
SN OUSO GS OM 
J620.8 wo M. 0.23 13.8 
J650.3 WO. p. 0.25 7.9 
J672.3 wo p. 0.15 27.5 
K073.4 wo M. 0.35 5.5 
L579.2 se. w. 0.25 19.7 
L5952 se. p. 0.50 26.9 
L604.3 se. M. 0.30 16.4 
L82l.0 se. M. 0.25 15.1 
L638.9 sc. M. 0.40 10.2 
L644.7 se. M. 0.25 15.5 
L653.5 se. w. 0.20 12.2 
L681.8 WO. p. 0.50 47.3 
L717.8 WO. p. 0.55 10.0 
L732.1 WO. M 0.30 21.7 
L7462 wo M. 0.40 21.6 
L759.9 WO. VP. 0.80 25.4 
M402.9 se. M. 0.30 53.1 
M420.8 se. M. 0.13 37.2 
M440.0 se. M. 0.30 36.1 
M458.8 se. p. 0.23 36.8 
ClP FD 
5.0 5.2 
1.4 1.9 
3.0 3.8 
2.2 0.3 
6.6 21.4 
8.5 13.3 
7.6 17.0 
6.7 122 
5.7 9.7 
4.7 9.1 
4.7 8.0 
13.2 1.6 
3.6 5.1 
7.1 3.1 
8.0 2.9 
14.1 0.6 
6.1 4.3 
5.0 18.0 
9.7 5.8 
8.9 5.9 
RF 
56.9 
83.7 
53.4 
88.1 
43.5 
32.3 
44.4 
SO.6 
59.4 
48.5 
55.8 
28.9 
60.4 
51.3 
55.9 
44.8 
28.6 
36.0 
292 
31.4 
CH 
19.1 
5.1 I 
12.3
1 
4.9 
8.8 
19.0 
14.6 
15.4 
15.0 
22.2 
19.3 
16.8 
17.8 
16.8 
11.6 
15.1 
7.9 
3.8 
19.2 
17.0 Vl 
0> 
o 
SN OU so GS OM QP FD RF 
M209.9 UB. W. 0.18 47.6 13.4 9.2 23.0 
M228.0 LB. M. 0.20 42.9 6.0 11.8 33.5 
M281.0 LB. W. 0.30 31.2 16.6 5.6 37.8 
M308.7 LB. M. 0.13 45.5 5.0 12.9 35.4 
M341.8 se. M. 0.20 31.3 4.8 14.2 44.9 
M354.0 se. M. 0.30 41.4 9.8 9.6 33.1 
M369.0 se. M. 0.40 34.0 7.7 4.4 40.8 
M381.2 se. P. 0.38 50.5 6.1 2.8 34.9 
N161.4 LB. M. 0.25 74.6 4.3 0.0 19.1 
N184.2 se. P. 0.28 57.4 5.9 0.0 31.4 
0296.5 BH. M. 0.33 92.2 5.9 0.0 1.9 
0370.0 us. W. 0.23 51.7 10.0 1.6 25.9 
0417.4 UB. W. 0.25 68.3 4.4 0.8 19.7 
0435.2 UB. M. 0.20 57.0 9.1 1.5 22.2 
0452.9 UB. W. 0.30 84.0 5.7 1.6 23.8 
0488.2 LB. M. 0.25 51.7 8.9 1.1 29.4 
0512.5 LB. M. 0.30 75.8 6.7 0.3 13.9 
0538.9 LB. P. 0.30 54.8 5.1 0.3 24.6 
0560.4 se. M. 0.25 46.9 9.4 4.3 28.6 
P422.0 WO. M. 0.25 36.5 5.8 0.5 52.5 
0419.9 se. M. 0.55 67.4 6.8 0.3 21.2 
CH SN OU SO GS 
6.8 M486.6 WO. M. 0.40 
5.8 M4922 WO M. 0.30 
8.8 M506.0 WO. M. 0.40 
1.2 M528.5 WO. M. 0.28 
4.8 M5512 WO M. 0.25 
6.1 M586.4 WO W. 0.25 
10.1 M605.3 WO W. 0.23 
5.7 
BorehoIe N 
2 N193.1 WO P. 0.23 
5.3 
BoreholeO 
0 0578.4 se. M. 0.30 
10.8 0600.9 se. M. 0.50 
6.8 0617.7 se. M. 0.20 
10.2 0637.4 se. W. 0.25 
4.9 0668.5 WO. M. 0.20 
8.9 0709.5 WO W. 0.23 
3.3 0745.8 WO. M. 0.20 
15.2 0755.9 WO M. 0.25 
10.8 
Borehole P 
4.7 I P444.7 WO M. 0.25 
BoreholeO 
4.3 I 0440.7 WO. M. 0.40 
OM QP FD 
39.1 6.3 4.2 
32.1 7.6 4.6 
21.5 5.6 2.1 
13.6 5.1 4.7 
13.5 8.0 3.0 
14.0 11.2 1.4 
16 10.2 2.7 
26.6 8.9 0.3 
47.4 8.7 4.5 
58.6 8.5 5.6 
49.8 7.3 4.2 
21.5 8.5 6.9 
18.8 14.6 7.7 
21.1 7.3 5.9 
16.6 10.2 7.5 
32.2 9.3 9.3 
22.0 3.0 0.0 
46.0 5.9 0.3 
RF 
41.7 
46.3 
49.0 
532 
552 
55.3 
46.5 
47.3 
28.8 
19.4 
272 
48.3 
46.7 
50.8 
43.4 
40.2 
72.3 
44.0 
CH 
8.7 
9.4 
21.8 
23.4 
20.3 
18.1 
24.6 
16.9 
10.6 
7.9 
11.5 
14.8 
12.2 
14.9 
22.3 
9.0 
2.7 
3.8 
w 
co 
...... 
SN OU so GS OM QP FD RF CH 
0423.0 WO. P. 0.35 40.0 7.9 0.0 46.9 52 
8oreholeR 
R071.2 WO. P. 0.25 67.0 3.5 0.0 29.2 0.3 
R090.2 WO. P. 0.28 55.1 7.5 0.0 33.5 3.9 
8orehoIeS 
5446.6 se. M. 0.30 17.2 5.9 1.2 65.1 10.6 
5484.1 se. M. 0.35 33.7 6.2 1.1 52.5 6.5 
5504.4 se. P. 0.35 25.5 9.2 0.8 57.2 7.3 
5522.8 se. P. 0.30 42.1 6.0 3.0 45.6 3.3 
5557.0 WO. M. 0.28 42.9 4.3 2.6 46.7 3.5 
8oreholeT 
1320.5 se. P. 0.25 83.9 4.7 0.0 10.9 0.5 
1344.4 WO. P. 0.35 79.6 4.8 0.0 14.1 1.5 
1365.4 WO. M. 0.35 81.9 3.8 0.0 13.3 1 
8oreholeU 
Ul13.1 se. M. 0.25 34.6 4.7 5.0 52.6 3.1 
U149.5 se. M. 0.13 60.0 4.6 2.4 33.3 2.7 
U191.5 se. M. 0.25 43.7 1.4 4.7 47.4 2.8 
U215.5 WO. P. 0.30 31.9 5.8 6.1 55.7 1.8 
U24O.8 WO. P. 0.25 36.6 4.9 7.0 50.9 0.6 
8oreholeV 
VOll.l WO. M. 0.25 31.3 3.9 0.3 64.5 0 
V031.8 WO. P. 0.28 26.8 2.1 4.8 65.4 0.9 
8oreholeW 
W180.1 BH. W. 0.18 77.7 2.1 0.5 19.7 0 
W209.8 BH. VP. 1.30 80.3 19.2 0.0 0.5 0 
SN OU SO GS OM 
04552 WO M. 0.13 28.9 
Rl182 WO P. 0.25 47.5 
5575.1 WO P. 0.25 46.7 
5598.9 WO P. 0.35 19.0 
5629.3 WO P. 0.40 36.2 
5652.8 WO P. 0.30 27.7 
1397.6 WO P. 1.00 81.9 
T419.0 WO. M. 0.25 63.5 
T434.9 WO. M. 0.23 49.3 
U274.6 WO P. 0.35 36.8 
U326.0 WO P. 0.25 31.9 
U345.0 WO P. 0.35 38.8 
U388.2 WO M. 0.23 37.4 
U454.1 WO P. 0.20 34.1 
V051.8 WO M. 0.13 48.9 
W354.9 LB. M. 0.95 73.6 
W359.4 LB. VP. 1.50 64.1 
._-
QP FD 
6.3 1.3 
7.1 0.3 
5.1 3.3 
4.8 3.7 
4.1 32 
6.7 5.1 
11.1 0.0 
8.0 0.3 
7.3 0.8 
4.5 2.9 
3.9 1.7 
3.9 1.5 
0.8 4.4 
2.2 52 
0.3 2.8 
23.0 0.0 
28.6 0.0 
-
RF 
59.7 
40.1 
39.5 
67.7 
54.7 
56.5 
6.5 
23.9 
38.1 
54.2 
61.9 
54.8 
57.4 
56.5 
46.6 
3.1 
6.0 
CH 
3.8 
I 
5.0 
5.4 ! 
4.8 
1.8 
4.0 
0.5 
4.4 
4.5 
1.6 
5.6 
1.0 
0.0 
0.0 
1.4 
0.3 
1.3 
w 
co 
I\.) 
SN OU so GS OM QP FD RF eH 
W210.3 BH. M. 1.20 85.5 12.3 0.0 2.2 0 
W222.1 BH. VP. 0.40 88.5 9.3 0.0 2.2 0 
W229.8 BH. M. 0.23 77.2 5.5 0.3 17.0 0 
W243.9 UB. M. 1.30 84.2 13.5 0.0 2.3 0 
W274.6 UB. W. 0.20 81.9 2.4 0.0 15.4 0.3 
W300.8 UB. W. 0.25 77.5 6.8 0.0 15.7 0 
W304.9 UB. W. 0.23 81.8 0.0 0.0 18.2 0 
W310.4 UB. W. 0.20 82.8 4.4 0.0 12.8 0 
W331.7 UB. W. 0.15 69.0 1.9 0.0 28.8 0.3 
W349.9 UB. VP. 0.70 81.5 9.1 0.0 9.4 0 
BoreholeX 
X281.3 BH. P. 0.35 91.3 3.7 0.0 4.7 0.3 
X282.0 BH. M. 0.45 92.5 5.5 0.0 1.4 0.6 
X296.6 BH. VP. 0.65 86.1 12.6 0.0 1.0 0.3 
X297.7 BH. M. 0.30 87.8 8.6 0.0 3.6 0 
X309.3 BH. M. 0.75 86.5 8.0 0.3 5.2 0 
X336.1 UB. W. 0.18 70.9 3.7 0.8 22.2 2.4 
X365.6 UB. W. 0.25 80.6 1.5 0.8 16.8 0.3 
X386.8 UB. W. 0.25 74.0 2.3 0.3 23.4 0 
X436.6 UB. VP. 0.45 85.1 3.1 0.0 11.5 0.3 
X458.9 LB. VP. 0.35 68.3 3.2 0.3 27.4 0.8 
X473.1 LB. W. 0.45 78.5 3.5 0,0 14.2 3.8 
X476.2 LB. VP. 1.15 58.9 29.4 0.0 10.4 1.3 
BoreholeY 
Y377.5 BH. M. 0.45 90.5 1.5 0.0 7.5 0.5 
Y397.6 UB. M. 0.23 89.1 1.8 0.0 9.1 0 
SN ou so GS OM 
W368.0 LB. W. 0.35 78.3 
W388.8 LB. P. 0.25 35.6 
W396.8 LB. VP. 1.00 69.5 
W430.8 se. P. 0.75 76.7 
W455.6 se. VP. 0.25 49.0 
W470.1 se. P. 0.45 60.1 
W479.8 WO M. 0.20 50.2 
W493.9 WO M. 0.50 67.4 
W515.6 WO W. 0.35 37.6 
X490.9 LB. P. 1.00 69.5 
X508.2 LB. M. 0.45 72.3 
X525.8 se. VP. 1.50 76.7 
X528.7 se. M. 0.45 82.4 
X530.7 se. VP. 0.40 72.8 
X531.9 se. P. 0.50 77.5 
X559.4 se. W. 0.25 47.0 
X588.5 se. W. 0.35 51.8 
X612.9 wo M. 0.40 53.1 
X640.0 WO VP. 0.25 14.5 
X675.5 WO W. 0.30 43.9 
Y566.1 LB. W. 0.15 69.6 
Y593.9 se. W. 0.28 7004 
GP FD 
4.5 0.3 
2.9 0.3 
9.2 0.0 
5.2 0.0 
7.2 0.0 
8.3 0.0 
5.9 0.0 
3.4 0.0 
2.7 0.8 
7.8 0.0 
8.8 0.0 
10.0 0.0 
2.7 0.3 
6.2 0.3 
7.1 0.2 
8.2 0.6 
4.8 0.0 
6.8 0.0 
6.4 1.3 
6.2 0.7 
2.4 0.0 
2.8 0.0 
RF 
16.3 
58.3 
20.0 
15.0 
39.4 
26.0 
39.4 
24.5 
55.4 
20.5 
17.3 
12.3 
13.4 
20.0 
13.5 
33.5 
36.8 
32.1 
68.5 
46.6 
26.8 
25.5 
eH 
0.6 
2.9 
1.3 
3.1 
4.4 
5.6 
4.5 
4.7 
3.5 
2.2 
1.6 
1.0 
1.2 
0.7 
1.7 
10.7 
6.5 
8.0 
9.3 
2.6 
1.2 
1.3 U) 
ex> 
U) 
SN OU so GS OM OP FD RF CH SN OU SO GS OM QP FD RF eH 
Y429.0 UB. W. 0.23 73.7 1.4 0.0 24.2 0.7 Y624.7 se. M. 0.35 36.8 5.2 0.0 51.8 6.2 
Y468.5 UB. W. 0.28 78.4 3.3 0.0 18.1 0.2 Y642.2 se. w. 0.35 31.8 6.3 0.0 SS.1 6.8 
Y486.5 LB. W. 0.23 72.4 0.7 0.0 26.9 0 Y672.9 WO M. 0.38 42.2 3.1 1.0 SO.6 3.1 
Y501.8 LB. M. 0.18 71.7 2.4 0.0 25.4 0.5 Y690.1 WO W. 0.90 54.6 12.0 0.0 29.5 3.9 
Y515.3 LB. W. 0.25 66.1 2.5 0.0 30.9 0.5 Y727.4 wo W. 0.25 20.2 5.8 1.7 64.5 7.8 
Y549.1 LB. W. 0.45 77.3 3.5 0.0 18.4 0.8 Y757.9 WO P. 0.25 35.0 4.7 0.3 57.8 2.2 
BoreholeZ 
Z378.2 BH. P. 0.50 80.2 8.1 0.0 10.4 1.3 Z611.3 se. w. 0.15 27.5 3.1 0.0 65.8 3.6 
Z399.0 UB. P. 0.40 85.7 6.1 0.0 7.7 0.5 Z632.7 se. M. 0.40 12.8 6.4 0.0 71.2 9.6 
Z402.9 UB. W. 0.23 79.3 2.6 0.0 14.5 3.6 Z656.8 se. w. 0.35 17.5 4.9 1.3 66.2 10.1 
Z422.6 UB. W. 0.18 76.1 0.3 0.0 22.6 1 Z679.4 WO. M. 0.45 59.6 6.9 0.5 32.5 0.5 
Z444.2 UB. M. 0.18 68.4 1.0 0.0 29.3 1.3 Z700.2 WO. P. 0.35 SS.7 6.5 0.5 34.9 2.4 
Z499.0 UB. W. 0.23 67.0 2.5 0.0 29.7 0.8 Z703.3 wo. M. 0.23 53.9 5.0 0.5 38.2 2.4 
Z512.4 LB. W. 0.28 72.2 3.0 0.0 24.6 0.2 Z74O.4 wo. W. 0.28 46.0 5.0 1.8 41.9 5.3 
Z531.9 LB. M. 0.28 76.4 1.2 0.0 22.1 0.3 Z763.8 wo. M. 0.40 31.1 7.9 0.0 56.4 4.6 
Z593.0 se. M. 0.45 58.8 3.7 0.0 33.8 3.7 
._-
Note: 
The abbreviations used in reporting the resutts are as follows. 
SN = sample number, OU = operational un~, SO = estimated sorting, GS • average grain size (mm), OM = monocrystalline quartz, 
OP = polycrystalline quartz, FD = feldspar, RF = rock fragments, eH • chert. 
W. = well sorted, M. = moderately sorted, P. = poorly sorted, VP. = very poorly sorted, BH • Bald Hill Operational Un~, 
UB = Upper BU90, LB = Lower Bulgo, se = Scarborough, WO = Wombarra. 
w 
ex> 
.j>. 
3 8 5  
A P P E N D I X  V  - S E M  S U M M A R Y  
D i a g e n e t i c  m i n e r a l s  i d e n t i f i e d  i n  t h e  N a r r a b e e n  G r o u p  s a n d s t o n e s  
S a m p l e  n o .  T y p e  o f  d i a g e n e t i c  m i n e r a l s  
S I D  A N K E R  F e  C A L  C A L  K A O  I L L  I L U S M E  C H L O  O n t E R S  
W E S T  M A R G I N  
T 3 2 0 . 5  
X  
W 1 8 0 . 1  
X  
X  
W 1 8 2 . 6  
X  
X  
W 2 4 3 . 9  
X  X  
W 2 7 4 . 6  
X  
X  
X  
W 3 0 0 . 8  
X  
X  
X  X  
W 3 1 0 . 4  
X  
X  X  
W 3 4 9 . 9  
X  
X  
X  
W 3 5 9 . 4  
X  
X  
W 3 6 8 . 0  
X  
X  
W 3 8 8 . 8  
X  
X  
W 4 0 1 . 2  
X  
X  
W 4 3 0 . 8  
X  
X  
W 4 5 5 . 6  
X  
X  
dolom~e 
W 4 7 9 . 8  
X  
W 4 9 3 . 9  
X  
X  
X  
W 5 1 5 . 6  
X  
S O U n t E R N  R E G I O N  
X 2 7 8 . 0  
X  
X  
X 2 8 1 . 3  
X  
X  
X 2 9 7 . 7  
X  
X  
X 3 0 9 . 3  
X  
X  
X 3 3 6 . 1  
X  
X  
X  
X 3 8 6 . 8  
X  
X  
X  
X  
X 4 1 3 . 3  
X  
X  
X 4 7 3 . 1  
X  
X  
X  
X 4 7 6 . 2  
X  
pyr~e 
X 4 9 0 . 9  
X  
X  
X S 0 8 . 2  
X  
X  
X  
X 5 2 5 . 8  
X  
X S 2 8 . 7  
X  
X  
X  
X  
X S 3 1 . 9  
X  
X  
X  
X S 8 8 . 5  
X  X  
X  
X 6 1 2 . 9  
X  
X  
X  
X 6 4 0 . 0  
X  
X  
X 6 7 5 . 5  
X  
X  
X  
Y 3 7 7 . 5  
X  
X  
X  
Y 3 9 7 . 6  
X  
X  
Y 4 2 9 . 0  
X  
X  
Y 4 6 8 . 5  
X  
X  
X  
X  
Y 4 8 6 . 5  
X  
X  
X  
Y 5 1 5 . 3  
X  
X  
X  
Y 5 4 9 . 1  
X  
X  
Y 5 6 6 . 1  
X  
X  
X  
X  
Y 5 9 3 . 9  
X  
X  
Y 6 2 4 . 7  
X  
X  
Y 6 4 2 . 2  
X  
X  
Y 6 7 2 . 9  
X  
X  
X  
X  
Y 6 9 0 . 1  
X  
X  
X  
X  
Y 7 2 7 . 7  
X  
Y 7 5 7 . 9  
X  
X  
X  
3 8 6  
S a m p l e  n o .  
T y p e  o f  d i a g e n e t i c  m i n e r a l s  
S I D  
A N K E R  F e  C A l  C A l  K A O  I L L  I L U S M E  C H L O  O l l - l E R S  
S O U l l - l E R N  R E G I O N  
Z 4 2 2 . 6  X  
X  
X  
Z 4 9 9 . 0  
X  
Z S 1 2 . 4  
X  
X  
Z 5 3 1 . 9  
X  
X  
p y r h e  a n a t a s e  
Z S 9 3 . 0  
X  
X  
X  X  
Z 6 1 1 . 3  X  
X  
X  
X  
a p a t i t e  
Z 6 3 2 . 7  
X  
Z 6 5 6 . 8  
X  
Z 6 7 9 . 4  
X  
X  
Z l 0 3 . 3  
X  
X  
ana~ime 
Z l 4 0 . 4  
X  
X  
X  
X  
Z l 6 3 . 8  
X  
X  
X  X  
N 1 6 1 . 4  
X  
N 1 9 3 . 1  
X  
Q 4 4 0 . 7  X  
X  
X  
A l 4 6 . 5  X  
X  X  X  
A 2 1 1 . 4  X  
X  
A 2 6 0 . 8  
X  
X  
A 2 9 5 . 6  
X  
X  
X  
A 3 2 6 . 8  
X  
A 3 5 2 . 0  
X  
0 2 9 6 . 5  X  
X  
0 4 3 5 . 2  X  
X  
0 4 6 8 . 2  
X  X  
X  
0 5 6 0 . 4  X  
X  
0 6 0 0 . 9  
X  
X  
X  
X  
0 6 3 7 . 4  X  
X  
0 6 6 8 . 5  
X  
X  
0 7 4 5 . 8  
X  
X  
0 7 5 5 . 9  
X  
X  
X  
X  
d a w s o n i t e  
E A S T  C O A S T  Z O N E  
8 1 3 2 . 1  
X  
X  
8 1 5 1 . 7  
X  
8 2 3 4 . 7  
X  
8 2 5 9 2  
X  
8 2 7 7 . 9  
X  
8 3 9 4 . 4  
X  
8 4 0 6 . 2  
X  
X  
C 0 4 1 . 3  
X  
C 0 8 1 . 1  
X  
X  
h a e m a t h e  
C l 0 l . 6  
X  
h a e m a t i t e  
C l 3 2 . 6  
X  
X  
C 2 1 5 . 8  
X  
C 2 5 9 . 6  X  
X  
X  
X  
L 2 8 5 . 2  
X  
L 4 0 6 . 8  
X  
X  
X  
L 4 2 2 . 3  
X  
X  
L 4 6 9 . 6  
X  
X  
L 5 0 6 . 7  
X  
X  
l 5 1 8 . 3  X  
X  
3 8 7  
S a m p l e  n o .  T y p e  o f  d i a g e n e t i c  m i n e r a l s  
S I O  A N K E R  F e  C A l  C A l  K A O  I L L  I L U S M E  C H L O  O T H E R S  
E A S T  C O A S T  Z O N E  
1 . 5 7 9 2  X  
X  
X  
1 . 5 9 5 . 2  
X  
X  
L 6 3 8 . 9  
X  
L 7 1 7 . 8  
X  
p y r i t e  
L 7 3 2 . 1  
X  
J 4 8 1 . 6  
X  X  
X  
J 5 1 4 . 8  
X  
X  
J 5 7 0 . 1  
X  
J 5 9 9 . 9  
X  
X  
J 6 4 1 2  
X  
J 6 7 2 . 3  
X  
X  X  
M 0 9 4 . 1  
X  
M 2 0 9 . 9  
X  
d a w s o n t t e  
M 3 4 1 . 8  
X  
X  
M 3 6 9 . 0  
X  
M 4 4 0 . 0  
X  X  
M 4 9 2 2  
X  X  
M 5 2 8 . 5  
X  
M 5 5 1 . 2  
X  
X  
M 6 0 5 . 3  
X  
X  
N O R T H E R N  R E G I O N  
1 3 2 0 . 1  
X  
X  
X  
1 3 7 8 . 5  
X  
X  
1 4 3 7 . 4  X  
X  X  
X  
1 4 6 5 . 5  
d o l o m t t e  
1 5 4 3 . 4  X  
1 5 9 6 . 6  
X  
X  X  
X  
1 6 2 9 . 3  
X  X  
U 8 1 . 5  
X  X  
X  
1 8 3 0 . 4  
X  
X  X  
X  
1 8 7 9 . 7  
X  X  
1 9 0 2 . 6  X  
X  
X  
G 5 5 3 . 8  X  
X  
H 3 4 2 . 5  X  
X  
X  
H 4 1 9 . 7  
X  
X  
H 4 7 0 . 0  
X  
X  
X  X  
H 5 6 8 . 7  X  
X  
X  
H 6 3 2 . 7  X  
H 6 8 1 . 2  
X  
d o l o m t t e  
0 0 5 3 . 9  X  
X  
0 1 0 2 . 5  
X  
0 1 4 5 . 3  
X  X  
0 1 6 4 . 9  X  
X  
X  
0 2 3 6 . 0  X  
X  
0 2 9 5 . 9  
X  X  
X  
E 1 2 8 . 0  
X  
X  d a w s o n t t e  
E 1 8 5 . 9  
X  X  
E 2 6 8 . 9  
X  
X  
E 3 1 2 . 5  
X  
X  
E 3 5 7 . 7  X  
X  
X  
3 8 8  
S a m p l e  n o .  T y p e  o f  d i a g e n e t i c  m i n e r a l s  
S I D  A N K E R  F e  C A l  C A l  K A O  I L L  I L U S M E  C H L O  O l H E R S  
N O R l H E R N  R E G I O N  
F O S S . 5  
X  
F l 1 3 . 9  
X  
F 1 5 8 . 3  
X  
F 2 3 S . 7  
X  
F 3 1 1 . 1  
X  
F 4 7 0 . 4  
X  
F 5 2 5 . 8  
X  
F 6 4 9 . 2  
X  
F 7 5 1 . 7  
X  
U l 1 3 . 1  
X  
U 2 1 5 . 5  
U 3 2 S . 0  
X  
U 3 8 8 . 2  
X  
S 4 8 4 . 1  
S 5 9 8 . 9  
X  
K 0 3 0 . 7  
X  
K 0 7 3 . 4  
X  
V 0 5 1 . 8  
R 0 9 0 . 2  
N O T E :  
X  
X  
X  
X  
X  
X  X  
X  
X  
X  
S I D  =  s i d e r i t e ,  A N K E R  =  a n k e r i t e ,  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
X  
d a w s o n t t e  
X  
d a w s o n i t e  
F e  G A L  =  F e  c a l c i t e ,  G A L  =  c a l c i t e ,  K A O  =  k a o l i n i t e ,  I L L  =  i l l i t e ,  
I L U S M E  =  m i x e d - l a y e r  i I I i t e  I  s m e c t i t e ,  G H L O  =  c h l o r i t e .  
S a m p l e  n o .  i s  n a m e d  b y  b o r e h o l e  l e t t e r  a n d  d r i l l i n g  d e p t h  i n  m e t r e .  
3 8 9  
A P P E N D I X  V I  - R E S U L T S  O F  M I C R O P R O B E  A N A L Y S E S  
S I D E R I T E  
R E P O R T E D  I N  O X I D E S  ( % )  
R E P O R T E D  I N  M O l E S  ( % )  
M g O  C a O  F e O  M n O  s t O  
T O T A L  
M g  
C a  F e  M n  S r  T O T A L  
W 4 5 5 . 6  
5 1 0 1  
1 2 . 7 3  
2 . 1 4  3 6 . 4 4  0 . 4 1  0 . 0 0  
5 1 . 7 1  
3 6 . 4 2  
4 . 4 0  
5 8 . 5 2  
0 . 6 6  0 . 0 0  1 0 0 . 0 0  
5 1 0 2  1 6 . 7 1  2 . 1 1  3 5 . 5 3  0 . 2 9  0 . 0 0  
5 4 . 6 4  
4 3 . 5 9  
3 . 9 7  5 2 . 0 1  0 . 4 3  0 . 0 0  1 0 0 . 0 0  
1 5 . 1 3  
2 . 3 7  
3 7 . 1 8  
0 . 3 0  0 . 0 1  5 5 . 0 0  3 9 . 9 5  4 . 5 1  5 5 . O S  
0 . 4 5  
0 . 0 1  1 0 0 . 0 0  
Y 3 9 7 . 6  
5 1 0 1  0 . 0 4  
0 . 5 6  
5 5 . 3 4  
1 . 7 9  0 . 0 0  5 7 . 7 3  0 . 1 2  
1 . 2 3  
9 5 . 5 2  
3 . 1 3  0 . 0 0  1 0 0 . 0 0  
0 . 3 1  0 . 5 5  5 4 . 2 3  
2 . 4 1  
0 . 0 0  
5 7 . 5 1  
0 . 9 5  
1 . 2 2  9 3 . 6 1  4 . 2 2  0 . 0 0  1 0 0 . 0 0  
0 . 1 4  
1 . 1 7  5 6 . 9 0  1 . 4 2  0 . 0 0  
5 9 . 6 5  
0 . 4 2  
2 . 4 9  9 4 . 6 7  2 . 3 9  0 . 0 3  1 0 0 . 0 0  
0 . 1 0  
0 . 9 6  
5 6 . 0 4  
1 . 2 7  0 . 0 0  5 8 . 3 8  0 . 3 1  2 . 0 9  9 5 . 4 1  
2 . 1 9  
0 . 0 0  
1 0 0 . 0 0  
5 1 0 2  
5 . 9 9  
2 . 1 7  4 9 . 4 5  
2 . 0 1  
0 . 0 2  
5 9 . 6 4  1 6 . 4 2  4 . 2 8  7 6 . 1 3  3 . 1 4  0 . 0 3  1 0 0 . 0 0  
3 . 3 7  
2 . 2 6  4 9 . 2 1  2 . 2 3  0 . 0 0  
5 7 . 0 7  9 . 9 4  4 . 7 9  8 1 . 5 2  3 . 7 5  0 . 0 0  
1 0 0 . 0 0  I  
5 1 0 3  O . O S  
0 . 9 3  5 6 . 4 0  1 . 4 3  0 . 0 8  
5 8 . 8 6  
0 . 2 3  
2 . 0 1  9 5 . 2 8  2 . 4 4  0 . 0 4  1 0 0 . 0 0  '  
Y 5 6 6 . 1  
5 1 0 1  
3 . 6 1  
1 2 2  5 2 . 4 9  2 . 6 6  0 . 0 2  
6 0 . 0 1  1 0 . 1 9  2 . 4 8  8 3 . 0 4  4 . 2 7  0 . 0 2  1 0 0 . 0 0  
2 . 7 3  
0 . 9 6  5 2 . 2 0  2 . 7 5  0 . 0 0  
5 8 . 6 4  
7 . 9 6  
2 . 0 1  8 5 . 4 6  4 . 5 7  0 . 0 0  1 0 0 . 0 0  
1 . 6 5  0 . 9 0  5 3 . 1 3  
2 . 9 0  
0 . 0 1  
5 8 . 5 8  4 . 8 8  1 . 9 2  8 8 . 3 1  
4 . 8 8  
0 . 0 1  1 0 0 . 0 0  
1 . 3 5  1 . 0 1  5 2 . 6 3  
2 . 7 5  
0 . 0 0  
5 7 . 7 4  4 . 0 7  2 . 2 0  8 9 . 0 3  
4 . 7 0  
0 . 0 0  1 0 0 . 0 0  
5 1 0 2  5 . 7 8  
1 2 9  
4 9 2 2  
2 . 5 4  0 . 0 0  5 8 . 8 3  1 6 . 1 5  
2 . 6 0  
7 7 . 2 2  
4 . 0 3  
0 . 0 0  1 0 0 . 0 0  
4 . 6 7  1 . 8 6  4 9 . 1 3  2 . 4 9  0 . 0 3  
5 8 . 1 8  
1 3 . 3 4  
3 . 8 2  7 8 . 7 6  4 . 0 4  0 . 0 4  1 0 0 . 0 0  
2 . 4 1  0 . 0 2  5 2 . 3 3  2 . 8 7  0 . 0 0  
5 8 . 6 2  
7 . 0 5  
2 . 1 5  8 6 . 0 3  4 . 7 7  0 . 0 0  1 0 0 . 0 0  
Y 7 5 7 . 9  
5 1 0 1  9 . 4 2  
4 . 1 0  
4 3 . 1 8  
0 . 6 2  0 . 0 0  5 7 . 3 2  2 5 . 4 8  
7 . 9 8  
6 5 . 5 9  
0 . 9 5  
0 . 0 0  1 0 0 . 0 0  
6 . 4 8  
2 . 7 5  
4 5 . 2 2  
0 . 7 2  0 . 0 0  5 5 . 1 7  1 8 . 9 2  5 . 7 7  7 4 . 1 1  
1 . 2 0  
0 . 0 0  1 0 0 . 0 0  
A 1 4 6 . 5 '  
5 1 0 1  
6 . 3 8  
1 . 8 2  
4 5 . 7 7  
4 . 5 2  5 8 . 5 0  1 7 . 7 6  3 . 6 3  7 1 . 4 6  
7 . 1 5  
1 0 0 . 0 0  
6 . 5 2  2 . 7 5  4 5 . 1 2  
3 . 3 6  5 7 . 7 5  1 8 . 2 4  5 . 5 4  7 0 . 8 7  
5 . 3 5  
1 0 0 . 0 0  
5 . 5 3  
1 2 3  
4 6 . 9 8  
5 . 0 6  5 8 . 8 1  1 5 . 5 1  
2 . 4 9  
7 3 . 9 4  
8 . 0 6  1 0 0 . 0 0  
5 1 0 2  7 . 2 8  
4 . 1 8  
4 6 . 0 7  
0 . 9 4  5 8 . 4 7  1 9 . 8 5  8 . 2 0  7 0 . 4 9  
1 . 4 6  
1 0 0 . 0 0  
5 . 4 9  
3 . 4 5  4 6 . 9 8  2 . 3 2  
5 8 . 2 4  1 5 . 4 1  6 . 9 7  
7 3 . 9 2  
3 . 7 0  1 0 0 . 0 0  
7 . 6 5  
4 . 4 1  
4 4 . 9 4  
0 . 3 9  5 7 . 3 9  2 1 . 0 9  
8 . 7 4  6 9 . 5 6  0 . 6 1  1 0 0 . 0 0  
5 1 0 3  
6 . 9 5  
5 . 2 0  4 4 . 3 9  
0 . 2 7  5 6 . 8 0  1 9 . 4 3  
1 0 . 4 5  
6 9 . 6 9  
0 . 4 3  
1 0 0 . 0 0  
7 . 0 2  5 . 3 6  4 3 . 9 8  
0 . 2 8  5 6 . 6 4  1 9 . 6 5  1 0 . 7 9  6 9 . 1 2  
0 . 4 4  
1 0 0 . 0 0  
7 . 8 7  
4 . 4 6  
4 3 . 2 5  
0 . 3 4  5 5 . 9 2  2 2 . 1 5  
9 . 0 1  
6 8 . 2 9  
0 . 5 5  1 0 0 . 0 0  
L 4 0 6 . 8 '  
5 1 0 1  8 . 6 3  
4 . 4 7  
4 1 . 0 0  
0 . 6 3  
5 4 . 7 2  
2 4 . 5 1  
9 . 1 2  6 5 . 3 5  1 . 0 2  1 0 0 . 0 0  
7 . 7 9  
4 . 0 6  
4 2 . 5 1  
0 . 7 8  
5 5 . 1 4  
2 2 . 2 6  
8 . 3 4  6 8 . 1 4  1 . 2 6  1 0 0 . 0 0  
8 . 0 9  
4 . 7 2  4 2 . 5 1  
0 . 4 6  5 5 . 7 8  2 2 . 7 1  9 . 5 4  6 7 . 0 2  
0 . 7 3  1 0 0 . 0 0  
5 1 0 2  
7 . 7 9  
2 . 9 0  4 4 . 5 1  1 . 0 9  
5 6 . 2 9  2 1 . 9 7  5 . 8 7  7 0 . 4 1  
1 . 7 5  
1 0 0 . 0 0  
8 . 3 7  
3 . 0 6  
4 4 . 3 2  
0 . 9 2  
5 6 . 6 7  
2 3 . 2 7  
6 . 1 2  6 9 . 1 6  1 . 4 5  1 0 0 . 0 0  
8 . 5 2  3 . 1 3  4 4 . 0 6  
1 . 0 5  5 6 . 7 6  2 3 . 6 0  
6 . 2 4  6 8 . 5 1  1 . 6 5  1 0 0 . 0 0  
0 4 3 5 . 2 '  
5 1 0 1  
7 . 9 1  
2 . 3 7  4 3 . 9 6  
0 . 4 3  5 4 . 6 7  2 2 . 9 1  4 . 9 3  7 1 . 4 5  
0 . 7 1  1 0 0 . 0 0  
7 . 9 4  2 . 1 5  4 0 . 8 0  
0 . 4 2  5 1 . 3 1  2 4 . 3 4  
4 . 7 4  7 0 . 1 8  0 . 7 4  1 0 0 . 0 0  
8 . 6 6  
2 . 9 3  3 9 . 5 2  
0 . 3 5  5 1 . 4 6  2 6 . 1 3  
6 . 3 6  6 6 . 9 1  0 . 6 0  1 0 0 . 0 0  
- -
3 9 0  
S I D E R I T E  
I  
R E P O R T E D  I N  O X I D E S  ( % )  
I  
R E P O R T E D  I N  M O l E S  ( % )  
I  M g O  
C a O  
F a O  
M n O  S O O  
T O T A L I  M g  
C a  
F e  M n  S r  T O T A L  
H 6 8 1 . 3 '  
S I D  1  I  2 . 0 1  
2 . 8 5  
4 7 . 9 6  0 . 6 9  
5 3 . 5 2  I  6 . 4 1  6 . 5 3  
8 5 . S O  1 . 2 6  1 0 0 . 0 0  
F l 1 3 . 9  
S I D l  6 . 6 2  
0 . 5 8  
S O . 2 6  1 . 0 2  
5 8 . 4 7  1 8 . 4 8  1 . 1 5  
7 8 . 7 6  1 . 6 1  1 0 0 . 0 0  
S I D 2  5 . 1 9  0 . 3 5  5 1 . 2 6  1 . 2 0  5 7 . 9 9  1 4 . 8 9  0 . 7 2  8 2 . 4 4  1 . 9 5  1 0 0 . 0 0  
S I D 3  6 . 2 7  0 . 7 2  
5 0 . 4 5  
1 . 1 5  5 8 . 5 9  1 7 . 5 4  1 . 4 4  
7 9 . 2 0  
1 . 8 2  1 0 0 . 0 0  
5 . 8 7  0 . 7 0  
4 8 . 9 9  
1 . 3 7  5 6 . 9 3  1 6 . 9 3  1 . 4 6  
7 9 . 3 6  2 . 2 5  
1 0 0 . 0 0  
S I D 4  6 . 0 9  
1 . 0 7  
4 9 . 4 4  1 . 2 1  
5 7 . 8 1  1 7 . 2 5  2 . 1 8  
7 8 . 6 2  1 . 9 5  1 0 0 . 0 0  
6 . 8 1  0 . 9 3  4 7 . 9 6  1 . 2 6  5 6 . 9 5  1 9 . 4 1  1 . 9 0  7 6 . 6 6  2 . 0 3  1 0 0 . 0 0  
5 . 8 5  1 . 4 0  4 7 . 8 6  0 . 9 6  5 6 . 0 6  1 7 . 0 7  2 . 9 4  
7 8 . 4 0  
1 . 5 9  1 0 0 . 0 0  
F 2 3 6 . 7  
I  
S I D l  
5 . 4 0  2 . 0 4  
5 1 . 4 8  
0 . 3 6  5 9 . 2 8  1 5 . 0 2  4 . 0 9  
S O . 3 2  
0 . 5 7  1 0 0 . 0 0  
4 . 5 8  
2 . 2 3  
5 1 . 0 6  0 . 2 2  
5 8 . 0 9  1 3 . 1 1  4 . 5 8  
8 1 . 9 5  0 . 3 6  
1 0 0 . 0 0  
3 . 5 5  1 2 6  
5 4 . 7 6  
0 . 3 1  5 9 . 8 8  1 0 . 0 4  2 . 5 6  
8 6 . 9 1  
0 . 4 9  1 0 0 . 0 0  
,  
S I D 2  
3 . 3 9  1 . 1 0  
5 4 . 5 3  0 . 3 2  
5 9 . 3 3  9 . 7 1  2 2 6  8 7 . 5 2  0 . 5 1  1 0 0 . 0 0  
3 . 8 8  1 . 0 2  5 4 . 4 4  0 . 1 5  
5 9 . 2 9  1 0 . S O  2 . 1 0  
8 7 . 1 5  0 . 2 5  
1 0 0 . 0 0  
S I D 3  0 . 7 4  
2 . 7 6  
5 6 . 5 0  0 . 7 2  
6 0 . 7 2  2 . 1 1  5 . 7 0  
9 1 . 0 1  1 . 1 8  
1 0 0 . 0 0  
S I D 4  4 . 8 2  5 . 0 4  
4 8 . 4 2  
0 . 7 9  5 9 . 0 9  1 3 . 3 5  1 0 . 0 5  7 5 . 3 6  1 . 2 4  1 0 0 . 0 0  
7 . 2 2  
5 . 8 1  
4 4 . 8 6  0 . 6 1  
5 8 . 4 9  1 9 . 5 7  1 1 . 3 1  
8 8 . 1 9  0 . 9 3  
1 0 0 . 0 0  
0 1 6 4 . 9 '  
S l D l  6 . 1 0  
2 . 1 5  
4 3 . 1 2  1 . 5 8  
5 2 . 9 5  I  1 8 . 6 3  4 . 7 2  
7 3 . 9 0  2 . 7 5  
1 0 0 . 0 0  
A N K E R I T E  
R E P O R T E D  I N  O X I D E S  ( % )  R E P O R T E D  I N  M O L E S  ( % )  
M g O  C a O  F a O  M n O  S O O  
T O T A L  M g  C a  
F e  M n  S r  T O T A L  
W 4 5 5 . 6  
A N K l  1 1 . 8 8  2 7 2 0  1 2 . 0 8  0 . 3 5  0 . 0 0  5 1 . 5 1  3 0 . 9 4  
5 0 . 9 0  
1 7 . 6 5  0 . 5 1  0 . 0 0  1 0 0 . 0 0  
1 0 . 7 3  
2 7 . 6 9  
1 3 . 6 2  0 . 3 8  0 . 0 0  
5 2 . 4 2  2 7 . 8 8  5 1 . 7 1  
1 9 . 8 5  
0 . 5 6  0 . 0 0  1 0 0 . 0 0  
Y 5 6 6 . 1  
A N K l  9 . 9 1  2 8 2 6  1 4 . 5 1  1 . 2 8  0 . 0 0  5 3 . 9 6  
2 5 . 3 5  5 1 . 9 5  
2 0 . 8 3  1 . 8 7  0 . 0 0  
1 0 0 . 0 0  
1 0 . 4 2  3 0 2 5  
1 1 . 6 3  
0 . 6 1  0 . 0 0  5 2 . 9 1  
2 6 . 6 9  5 5 . 7 0  
1 6 . 7 2  0 . 8 9  0 . 0 0  
1 0 0 . 0 0  
9 . 0 2  3 0 . 4 1  1 3 . 3 1  0 . 9 2  0 . 0 0  5 3 . 6 6  
2 3 . 2 0  5 6 . 2 4  
1 9 . 2 1  
1 . 3 5  0 . 0 0  1 0 0 . 0 0  
A N K 2  1 0 . 3 4  
2 8 . 2 9  
1 5 . 7 8  0 . 9 3  0 . 0 0  
5 5 . 3 4  2 5 . 8 2  5 0 . 7 6  2 2 . 1 0  1 . 3 1  0 . 0 0  1 0 0 . 0 0  
1 0 . 4 8  2 6 . 2 7  1 5 . 2 9  1 . 4 7  0 . 0 0  
5 3 . 5 1  2 7 . 0 2  4 8 . 7 0  
2 2 . 1 3  
2 . 1 5  0 . 0 0  1 0 0 . 0 0  
6 . 9 1  
2 9 . 4 1  
1 6 . 6 0  1 . 3 0  0 . 0 0  
5 4 . 2 2  1 8 . 1 3  5 5 . 4 9  
2 4 . 4 4  
1 . 9 4  0 . 0 0  1 0 0 . 0 0  
Y 7 5 7 . 9  
A N K l  1 1 . 3 8  2 8 . 7 3  
1 2 . 3 7  
0 . 4 3  0 . 0 0  
5 2 . 9 1  2 9 . 0 1  5 2 . 6 7  
1 7 . 7 0  
0 . 6 2  0 . 0 0  1 0 0 . 0 0  
1 3 . 6 2  2 9 . 3 4  1 0 . 6 7  0 . 2 5  0 . 0 0  
5 3 . 8 8  3 3 . 3 5  5 1 . 6 5  1 4 . 6 6  0 . 3 4  0 . 0 0  1 0 0 . 0 0  
A N K 2  1 2 . 3 3  2 9 . 9 2  1 0 . 8 7  0 . 4 6  0 . 0 0  
5 3 . 5 8  3 0 . 6 6  5 3 . 5 2  1 5 . 1 7  0 . 6 5  0 . 0 0  1 0 0 . 0 0  
1 2 . 7 8  3 0 . 3 7  1 0 . 5 3  0 . 3 8  
0 . 0 0  5 4 . 0 4  3 1 . 3 8  
5 3 . 6 2  
1 4 . 5 0  O . S O  
0 . 0 0  1 0 0 . 0 0  
A N K 3  1 1 . 3 8  3 1 . 0 7  1 0 . 5 8  0 . 2 9  
0 . 0 0  5 3 . 3 2  2 8 . 5 7  
5 6 . 0 9  
1 4 . 9 2  
0 . 4 2  0 . 0 0  1 0 0 . 0 0  
9 . 9 4  2 9 . 7 3  1 1 . 0 2  0 . 8 0  
0 . 0 0  5 1 . 4 9  
2 6 . 1 9  5 6 . 3 1  
1 6 . 2 9  0 . 2 1  
0 . 0 0  1 0 0 . 0 0  
3 9 1  
A N K E R I T E  
R E P O R T E D  I N  O X I D E S  ( % )  
R E P O R T E D  I N  M O L E S  ( % )  
M g O  C a O  F e O  M o O  
s r O  
T O T A L  M g  C a  
F e  
M n  S r  
T O T A L  
Z 7 6 3 . 8 "  
A N K l  1 3 . 4 2  2 9 . 5 0  
1 1 . 8 8  
0 . 5 0  5 5 . 3 0  3 2 . 2 6  5 1 . 0 2  
1 6 . 0 3  
0 . 6 9  
1 0 0 . 0 0  
A N K 2  1 1 . n  2 8 . 1 7  
1 3 . 4 5  
0 . 4 5  5 3 . 8 3  2 9 . 5 5  5 0 . 8 5  
1 8 . 9 6  0 . 6 4  1 0 0 . 0 0  
A N K 3  1 2 . 0 2  3 1 . 9 7  1 0 . 6 7  0 . 4 2  
5 5 . 0 8  2 9 . 1 6  
5 5 . 7 4  
1 4 . 5 2  0 . 5 8  
1 0 0 . 0 0  
A N K 4  1 1 . 3 6  
3 0 . 0 7  
1 2 . 6 1  0 . 5 5  5 4 . 5 9  2 8 . 1 4  5 3 . 5 6  
1 7 . 5 2  
0 . 8 8  
1 0 0 . 0 0  
L 4 0 6 . 8 "  
A N K l  1 0 . 2 8  2 7 . 4 8  1 4 . 7 0  0 . 3 3  
5 2 . 7 9  2 6 . 7 2  5 1 . 3 6  2 1 . 4 4  0 . 4 8  1 0 0 . 0 0  
1 0 . 2 8  
2 7 . 0 1  
1 3 . 9 5  
0 . 3 1  
5 1 . 5 5  2 7 . 2 6  
5 1 . 5 1  
2 0 . 7 5  0 . 4 8  1 0 0 . 0 0  
,  A N K 2  
9 . 7 8  
2 8 . 1 9  
1 2 . 8 7  
0 . 3 4  
5 1 . 1 9  2 6 . 1 0  
5 4 . 1 0  
1 9 . 2 8  0 . 5 2  1 0 0 . 0 0  
1 1 . 5 2  2 7 . 5 9  
1 2 . 7 8  
0 . 3 8  
5 2 . 2 6  
2 9 . 7 3  5 1 2 0  
1 8 . 5 1  0 . 5 6  1 0 0 . 0 0  
A N K 3  1 0 . 3 8  2 7 . 8 0  1 2 . 5 9  0 . 3 7  5 1 . 1 3  2 7 . 5 8  5 3 . 1 0  
1 8 . 7 6  
0 . 5 6  
1 0 0 . 0 0  
1 0 . 5 5  
2 7 . 4 4  
1 2 . 8 8  0 . 3 5  5 1 . 2 3  2 7 . 9 8  5 2 . 3 2  1 9 . 1 7  0 . 5 3  1 0 0 . 0 0  
L 5 7 9 . 2 "  
A N K l  8 . 9 0  2 9 . 4 4  1 4 . 2 3  0 . 4 8  
5 3 . 0 5  
2 3 . 2 3  5 5 2 2  
2 0 . 8 3  
0 . 7 2  
1 0 0 . 0 0  
9 . 9 2  2 9 . 2 0  1 3 . 9 7  0 . 4 5  5 3 . 5 3  2 5 . 4 2  5 3 . 8 2  2 0 . 1 0  0 . 6 6  
1 0 0 . 0 0  
A N K 2  
5 . 6 0  
3 5 . 5 3  
9 . 9 9  
0 . 9 5  
5 2 . 0 7  
1 5 . 0 3  6 8 . 4 9  
1 5 . 0 3  
1 . 4 5  
1 0 0 . 0 0  
A N K 3  9 . 0 7  2 9 . 0 2  4 0 . 1 8  0 . 4 6  5 2 . 7 3  2 3 . 7 6  5 4 . 7 0  
2 0 . 8 6  
0 . 8 8  
1 0 0 . 0 0  
8 . 9 6  
2 9 . 4 0  
1 4 . 1 5  
0 . 4 3  
5 2 . 7 8  
2 3 . 4 6  5 5 . 0 9  
2 0 . 8 1  0 . 6 4  
1 0 0 . 0 0  '  
9 . 2 3  
2 9 . 2 2  
1 4 . 2 7  0 . 4 5  5 3 . 1 8  2 3 . 9 8  5 4 . 5 5  
2 0 . 8 0  
0 . 6 7  
1 0 0 . 0 0  I  
9 . 0 8  
2 8 . 7 5  
1 3 . 9 5  
0 . 4 5 _  
5 2 . 2 3  2 3 . 9 9  5 4 . 6 3  
2 0 . 7 0  
0 . 8 8  
1 0 0 . 0 0  :  
A N K 4  9 . 1 6  2 9 . 0 0  1 3 . 6 3  0 . 4 6  
5 2 . 2 5  
2 4 . 1 5  5 4 . 9 9  
2 0 . 1 7  
0 . 6 9  
1 0 0 . 0 0  
9 . 1 0  
2 9 2 4  
1 3 . 5 6  0 . 4 3  5 2 . 3 4  2 3 . 9 6  5 5 . 3 6  
2 0 . 0 4  
0 . 6 4  
1 0 0 . 0 0  
9 . 1 9  2 9 . 3 3  1 3 . 2 7  0 . 4 9  5 2 . 2 9  2 4 . 1 9  5 5 . 4 8  
1 9 . 5 9  
0 . 7 4  
1 0 0 . 0 0  
0 6 3 7 . 4  
A N K l  
9 . 0 8  
2 7 . 9 7  1 4 . 6 1  0 . 3 3  0 . 3 3  
5 2 . 3 2  
2 4 . 0 7  5 3 . 3 4  
2 1 . 7 4  
0 . 5 0  0 . 3 5  
1 0 0 . 0 0  
9 . 6 2  2 7 . 9 2  1 4 . 8 2  0 . 2 7  0 . 3 2  5 2 . 9 5  2 5 . 1 3  5 2 . 4 2  
2 1 . 7 2  
0 . 4 0  0 . 3 3  
1 0 0 . 0 0  
A N K 2  
9 . 8 8  
2 6 . 9 5  
1 3 . 5 8  1 . 0 6  
0 . 0 0  
5 1 . 4 6  2 6 . 3 6  
5 1 . 7 0  
2 0 . 3 3  1 . 6 1  0 . 0 0  
1 0 0 . 0 0  
1 0 . 4 2  2 6 . 5 3  1 4 . 6 0  0 . 2 9  
0 . 0 4  
5 1 . 8 8  2 7 . 5 2  5 0 . 3 7  2 1 . 6 3  0 . 4 3  0 . 0 5  
1 0 0 . 0 0  
A N K 3  8 . 5 9  2 8 . 6 2  1 5 . 7 4  1 . 3 9  0 . 0 2  
5 4 . 3 6  
2 2 . 1 3  5 3 . 0 4  
2 2 . n  2 . 0 4  
0 . 0 2  
1 0 0 . 0 0  
8 . 7 9  
2 7 . 9 3  
1 5 . 8 2  1 . 4 7  
0 . 0 3  
5 4 . 0 4  
2 2 . 7 8  5 2 . 0 3  
2 3 . 0 0  2 . 1 6  
0 . 0 3  
1 0 0 . 0 0  
0 7 5 5 . 9 "  
A N K l  1 1 . 6 1  2 8 . 3 2  
1 2 . 2 2  
0 . 1 9  
5 2 . 2 9  
2 9 . 8 2  5 2 . 2 9  
1 7 . 6 2  
0 . 2 7  
1 0 0 . 0 0  
1 2 . 6 8  2 7 . 8 4  1 1 . 7 8  0 . 2 1  5 2 . 5 1  3 2 . 1 5  
5 0 . 7 9  
1 6 . 7 6  0 . 3 0  1 0 0 . 0 0  
1 2 . 0 5  2 8 . 4 6  1 2 . 4 6  0 . 1 9  5 3 . 1 7  3 0 . 4 2  
5 1 . 6 6  
1 7 . 6 5  0 . 2 7  
1 0 0 . 0 0  
1 2 . 8 2  2 7 . 7 9  
1 1 . 6 0  
0 . 1 4  5 2 . 3 5  3 2 . 5 4  5 0 . 7 3  
1 6 . 5 2  
0 . 2 1  
1 0 0 . 0 0  
1 2 . 9 8  2 7 . 8 4  1 2 . 1 6  0 . 2 3  5 3 . 2 0  3 2 . 5 0  
5 0 . 1 0  
1 7 . 0 7  0 . 3 3  
1 0 0 . 0 0  
A N K 2  
1 1 . 3 6  3 0 . 1 0  1 2 . 5 6  0 . 1 8  5 4 . 2 0  
2 8 . 3 0  5 3 . 8 9  
1 7 . 5 5  
0 . 2 6  
1 0 0 . 0 0  
1 2 .  1 6  2 9 . 1 2  1 1 . 4 8  0 . 2 1  5 2 . 9 7  3 0 . 6 5  
5 2 . 8 0  
1 6 . 2 5  0 . 3 0  1 0 0 . 0 0  
1 1 . 4 2  2 8 . 5 4  
1 2 . 2 9  
0 . 2 3  5 2 . 4 8  2 9 . 3 1  
5 2 . 6 6  
1 7 . 7 0  0 . 3 3  1 0 0 . 0 0  
1 0 . 7 2  2 8 . 3 6  1 4 . 0 5  0 . 3 4  5 3 . 4 7  2 7 . 2 5  
5 2 . 0 3  
2 0 . 1 2  0 . 5 0  1 0 0 . 0 0  
A N K 3  
1 3 . 0 8  2 7 . 2 8  1 1 . 4 2  
0 . 1 8  
5 1 . 9 7  
3 3 . 3 6  5 0 . 0 3  1 6 . 3 4  0 . 2 7  
1 0 0 . 0 0  
1 1 . 8 2  2 8 . 8 5  1 2 . 2 4  0 . 2 3  5 3 . 1 4  2 9 . 8 7  
5 2 . 4 4  
1 7 . 3 6  0 . 3 3  1 0 0 . 0 0  
' - - - - -
1 3 . 1 9  
2 8 . 1 7  
1 2 . 2 2  
0 . 2 1  5 3 . 7 8  3 2 . 6 4  5 0 . 1 0  1 6 . 9 7  0 . 2 9  
1 0 0 . 0 0  
3 9 2  
A N K E R I T E  
R E P O R T E D  I N  O X I D E S  ( % )  R E P O R l E D  I N  M O L E S  ( % )  
M g O  C a O  F e O  
M n O  s r O  
T O T A L  
M g  C a  
F e  M n  
S ,  
T O T A L  
6 1 5 1 . 7 "  
A N K 1  9 . 7 1  3 0 . 0 3  1 1 . 1 1  0 . 9 8  5 1 . 8 3  2 5 . 4 9  5 6 . 6 8  
1 6 . 3 6  1 . 4 7  1 0 0 . 0 0  
9 . 9 2  2 9 . 9 8  
1 0 . 8 1  
0 . 9 7  5 1 . 6 8  2 6 . 0 3  5 6 . 6 0  
1 5 . 9 3  
1 . 4 4  
1 0 0 . 0 0  
A N K 2  1 0 . 7 6  2 9 . 9 0  1 0 . 7 0  0 . 3 4  5 1 . 6 9  2 7 . 9 8  5 5 . 9 0  
1 5 . 6 2  
0 . 5 0  
1 0 0 . 0 0  
1 1 . 2 6  
3 0 . 3 7  1 0 . 0 8  
0 . 4 6  5 2 . 1 6  2 8 . 8 7  
5 5 . 9 7  
1 4 . 4 9  0 . 6 7  
1 0 0 . 0 0  
A N K 3  1 1 . 5 5  3 1 . 4 9  
1 1 . 3 5  
0 . 4 0  5 4 . 7 9  2 8 . 3 1  5 5 . 5 1  
1 5 . 6 2  
O . S S  
1 0 0 . 0 0  
1 2 . 1 3  
3 2 . 6 7  
8 . 9 5  0 . 8 3  5 4 . 5 8  
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